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of  high.  The  dasi  is  judged  to  be  in  generally  fair  condition.  The  training 
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Boar  Govsrnor  King: 

Inelossd  Is  a  copy  of  tbs  Llnwood  Pond  Daa  (N4-00896)  Phaas  I 
Inspection  Baport,  idileh  was  prsparad  under  the  national  Prograu  for 
Inspection  of  NonrPederal  Daaa*  The  report  la  based  upon  a  slaual 
Inspection,  a  review  of  past  perforaance,  and  a  prellalnary 
hydrological  enalysla*  A  brief  assesswent  la  included  at  the 
beginning  of  the  report. 


The  prellalnary  hydrologic  analysis  has  Indicated  that  the  spillway 
capacity  for  the  Llnwood  Pond  Daa  would  likely  be  exceeded  floods 
greater  than  10  percent  of  the  Probable  Kaxlaua  Flood  (PMF),  the  test 
flood  for  spillway  adeguacy.  Our  screening  criteria  specifies  that  a 
dan  of  this  class  which  does  not  have  sufficient  spillway  capacity  to 
discharge  fifty  percent  of  the  PMF,  should  be  adjudged  as  having  a 
seriously  Inadequate  spillway  and  the  daa  assessed  as  unsafe, 
non-energency,  until  aore  detailed  studies  prove  otherwise  or 
corrective  aeasures  are  conpleted. 


The  tern  '’unsafe”  applied  to  a  daa  because  of  an  Inadequate  spillway 
does  not  Indicate  the  saae  degree  of  eaergency  as  that  tern  would  If 
applied  because  of  structural  deficiency.  It  does  Indicate,  however, 
that  a  severe  stem  any  cause  overtopping  and  possible  failure  of  the 
dea,  with  significant  daaage  and  potential  loss  of  life  downstreea. 


It  Is  reconaanded  that  within  twelve  aonths  froa  the  date  of  this 
report  the  owner  of  the  daa  engage  the  services  of  a  professional  or 
etfbsultlng  engineer  to  detemlne  by  aore  sophisticated  aethods  and 
prbeedures  the  angnltude  of  the  spillway  deficiency.  Baaed  on  this 
deteralnatlon,  appropriate  reaedlal  altlgatlng  neeaurea  should  be 
designed  and  eoapleted  within  24  aonths  of  this  date  of  notification. 
In  the  Interla  a  detailed  eaergency  operation  plan  and  wnmlng  systea 
should  be  proaptly  developed.  During  periods  of  uansoally  heavy 
precipitation,  roond^tiia-eloCfc  surveillance  should  bo  provided. 
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MA  00896 
Linwood  Pond  Dam 
Northbridge 

Worcester  County,  Massachusetts 
Mumford  River 
17  April  1980 


BRIEF  ASSESSMENT 

Linwood  Pond  Dam  is  a  688  ft.  long  composite  masonry,  timber,  and  earth  embankment 
dam  consisting  of  a  116  ft.  long  gravity  masonry  overflow  section  with  a  timber  sill 
and  sloping  timber  upstream  face,  a  282  ft.  long  earth  embankment  to  the  right  of 
the  overflow  section  and  a  290  ft.  long  earth  embankment  to  the  left  of  the  overflow 
section.  The  facility  also  has  a  dike  which  runs  parallel  to  the  Mumford  River. 

The  dike  extends  from  the  left  end  of  the  left  embankment  downstream  for  a  distance 
of  about  276  ft.  It  is  formed  by  a  portion  of  Linwood  Avenue  and  an  adjacent  park¬ 
ing  lot  which  serves  the  mill  located  just  downstream  of  the  left  embankment.  Lin¬ 
wood  Pond  once  served  the  water  needs  of  this  mill  complex,  but  water  from  the  pond 
is  no  longer  used  at  the  mill.  The  pond  serves  as  a  source  of  irrigation  water  for 
a  golf  course  upstream  of  the  dam.  There  is  a  low  level  outlet  for  the  dam  which  is 
located  in  the  left  embankment.  The  size  and  invert  elevation  of  the  low  level  outlet 
are  unknown. 


The  pond  is  about  3,700  ft.  long  and  has  a  surface  area  of  about  48  acres  at  spillway 
crest  level.  The  drainage  area  is  50.4  sq.  mi.  and  the  maximum  storage  to  top  of  dam 
is  about  590  acre-ft.  The  height  of  the  dam  is  17.5  ft.;  the  size  classification  is 
thus  small.  Because  failure  of  the  dam  could  cause  serious  damage  two  houses,  two 
mills,  and  three  commercial  structures,  with  the  possibility  of  the  loss  of  more 
than  a  few  lives  and  the  probability  of  excessive  economic  losses,  the  dam  has  been 
classified  as  having  a  high  hazard  potential.  Based  on  the  guidelines  the  recommended 
test  flood  ranges  from  *s  PMF  to  a  full  PMF.  A  test  flood  equal  to  H  PMF  (17,600  cfs) 
was  selected.  Since  storage  in  the  pond  above  the  d£un  is  insignificant  and  Inflow  is 
approximately  equal  to  outflow,  a  test  flood  routing  was  not  performed. 

l^e  test  flood  of  17,600  cfs  overtops  the  dam's  earth  embankments  by  3.4  ft.  The 
spillway  can  pass  3,550  cfs  or  about  20  percent  of  the  test  flood  without  overtopping 
the  embankments. 

The  dam  is  judged  to  be  in  generally  fair  condition.  Water  was  flowing  to  a  depth  of 
about  7  in.  over  the  crest  of  the  spillway  at  the  time  of  the  inspection,  so  it  was 
not  possible  to  observe  the  condition  of  the  downstream  face  or  the  crest  of  the  over¬ 
flow  section.  Nevertheless,  the  water  appeared  to  be  flowing  uniformly  with  no  evi¬ 
dence  of  turbulence  or  missing  or  eroded  elements.  Seepage  was  noted  below  the  right 
embankment  and  through  the  berm  between  the  reservoir  rim  and  an  abandoned  gravel  pit 
located  to  the  right  of  the  right  embankment.  Minor  erosion  was  noted  on  both  em¬ 
bankments  and  there  is  brush  and  tree  growth  on  both  the  dike  and  the  right  embank¬ 
ment.  The  training  walls  of  the  spillway  are  in  need  of  repair.  The  low  level  outlet 
is  reported  to  be  operative^ 


within  one  year  after  receipt  of  this  Phase  I  Inspection  Report,  the  owner,  the 
Luslgnan  Corporation,  should  retain  the  services  of  a  registered  professional 
engineer  and  implement  the  results  of  his  evaluation  of  the  following:  (1)  assess 
further  the  potential  for  overtopping  and  the  adequacy  of  the  spillway;  (2)  Inspect 
the  spillway  during  a  period  of  low  flow  or  no  flow  conditions:  (3)  study  and 
monitor  the  seepage  emanating  from  the  right  reservoir  rim  Into  the  abandoned 
gravel  pit  located  to  the  right  of  the  right  embankment;  (4)  study  the  seepage 
emanating  from  the  right  embankment:  (5)  Investigate  the  structural  Integrity  of 
the  right  reservoir  rim;  (6)  removal  of  trees  and  heavy  brush  growth  from  the 
upstream  slope  of  the  dike  and  Inspection  of  the  condition  of  the  slope  (7). 
removal  of  trees  and  brush  growth  from  both  slopes  of  the  right  embanksient;  and 
(8)  determine  the  need  to  relocate  the  two  fire  hydrants  located  on  the  dam. 

The  owner  should  also  Implement  the  following  operating  and  maintenance  measures: 
(1)  repair  and  repolnt  the  mortar  Joints  In  the  left  and  right  spillway  training 
walls.  Including  resetting  dislodged  capstones;  (2)  repair  erosion  areas  on  the 
upstream  slope  of  the  left  embankment  adjacent  to  the  low  level  outlet  and  the 
left  spillway  training  wall,  and  on  the  downstream  slope  of  the  right  embankment 
near  the  right  training  wall;  (3)  develop  a  formal  surveillance  and  downstream 
emergency  warning  plan.  Including  round-the-clock  monitoring  during  periods  of 
high  precipitation;  (4)  Institute  procedures  for  an  annual  periodic  technical 
Inspection  of  the  dam  and  Its  appurtenant  structures.  Including  operation  of  the 
low  level  outlet  and  the  condition  of  the  concrete  plug  In  the  abandoned  outlet 
conduit:  (5)  remove  debris  from  the  downstream  spillway  channel;  and  (6)  Implement 
a  regular  periodic  maintenance  program. 


Thli  Phase  I  Inspection  Keport  on  Linwood  Pond  Dam 
hss  been  reviewed  by  the  undersigned  Revlcv  Board  Bembera.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recoa&endstlons  are 
consistent  irlth  the  Recoggnended  Guidelines  for  Safety  Inspection  of 
PsBia ,  and  vlth  good  engineering  judgment  and  practice,  and  is  hereby 
submitted  for  approval. 


CAR.N’EY  M.  TERZIAK,  MEMBER 
Design  Branch 
Engineering  Division 


Water  Control  Branch 
Engineering  Division 


ARAMAST  MAHTESIAN,  CHAIRMAN 

Geotechnical  Enqineering  Branch 

Engineering  Division 


APPROVAL  RECOKHENDO: 


Cblaf,  Engineering  Dlvlalon 


#  I  1 


PREFACE 


This  report  is  prepared  under  guidance  contained  In  the  Recommended  Guidelines 
for  Safety  Inspection  of  Danst  for  Phase  I  Investigations.  Copies  of  these 
guidelines  may  be  obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 

D.C.  20314.  The  purpose  of  a  Phase  I  Investigation  Is  to  Identify  expeditiously 
those  dans  which  may  pose  hazards  to  human  life  or  property.  The  assessment  of 
the  general  condition  of  the  dam  Is  based  upon  available  data  and  visual  Inspec¬ 
tions.  Detailed  investigation,  and  analyses  Involving  topographic  mapping,  sub¬ 
surface  investigations,  testing,  and  detailed  computational  evaluations  are  be¬ 
yond  the  scope  of  a  Phase  I  Investigation;  however,  the  Investigation  Is  Intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report.  It  should  be  realized  that  the  reported  condition  of 
the  dam  Is  based  on  observations  of  field  conditions  at  the  time  of  Inspection 
along  with  data  available  to  the  Inspection  team.  In  cases  where  the  reservoir 
was  lowered  or  drained  prior  to  Inspection,  such  action,  while  Improving  the 
stability  and  safety  of  the  dam,  removes  the  normal  load  on  the  structure  and 
may  obscure  certain  conditions  which  might  otherwise  be  detectable  If  Inspected 
under  the  normal  operating  environment  of  the  structure. 

It  Is  Important  to  note  that  the  condition  of  a  dam  depends  on  numerous  and  con¬ 
stantly  changing  Internal  and  external  conditions,  and  Is  evolutionary  In  nature. 
It  would  be  Incorrect  to  assume  that  the  present  condition  of  the  dam  will  con¬ 
tinue  to  represent  the  condition  of  the  dam  at  some  point  In  the  future.  Only 
through  continued  care  and  Inspection  can  there  be  any  chance  that  unsafe  con¬ 
ditions  be  detected. 


Phase  I  Inspections  are  not  Intended  to  provide  detailed  hydrologic  and  hydraulic 
analyses.  In  accordance  with  the  established  Guidelines,  the  Spillway  Test  Flood 
Is  based  on  the  estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff),  or  fractions  thereof.  Because  of  the  magnl- 
ttide  and  rarity  of  such  a  storm  event,  a  finding  that  a  spillway  will  not  pass 
the  test  flood  should  not  be  Interpreted  as  necessarily  posing  a  highly  Inade¬ 
quate  condition.  The  test  flood  provides  a  measure  of  relative  spillway  capa¬ 
city  and  serves  as  an  aide  In  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general  condition 
and  the  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  Include  an  assessment  of  the  need  for  fences, 
gates,  no-trespasslng  signs,  repairs  to  existing  fences  and  railings  and  other 
Items  which  may  be  needed  to  minimize  trespass  and  provide  greater  security  for 
the  facility  and  safety  to  the  public.  An  evaluation  of  the  project  for  com¬ 
pliance  with  OSHA  rules  and  regulations  Is  also  excluded. 


TABLE  OF  CONTENTS 


f 


* 


1 

j 


i/'y 


Section  Page 

Letter  of  Transmittal 
Brief  Assessment 
Review  Board  Page 


Preface  i 
Table  of  Contents  ii 
Overview  Photo  v 
Location  Map  vl 


REPORT 


1.  PROJECT  INFORMATION 

1 . 1  General 

a.  Authority 

b.  Purpose  of  Inspection 

1.2  Description  of  Project 

a.  Location 

b.  Description  of  Dam  and  Appurtenances 

c.  Size  Classification 

d.  Hazard  Classification 

e.  Ownership 

f.  Operator 

g.  Purpose  of  Dam 

h.  Design  and  Construction  History 

i.  Normal  Operational  Procedo’-e 

1.3  Pertinent  Data 


1 

1 

1 

1 

1 

1 

2 


3 


2.  ENGINEERING  DATA 


2.1  Design  Data  7 

2.2  Construction  Data  7 

2.3  Operation  Data  ^ 

2.4  Evaluation  of  Data  ^ 


Uj  OnJ  to 


Section 


Page 

7.  ASSESSMENT,  RECOMMENDATIONS  AND  REMEDIAL  MEASURES 

7.1  Dam  Assessment 

a.  Condition 

b.  Adequacy  of  Information  15 

c .  Urgency  1 5 

7.2  Recommendations  I5 

7.3  Remedial  Measures  16 

a.  Operation  and  Maintenance  Procedures  16 

7.4  Alternatives  16 


APPENDIXES 

APPENDIX  A  -  INSPECTION  CHECKLIST 
APPENDIX  B  -  ENGINEERING  DATA 
APPENDIX  C  -  PHOTOGRAPHS 

APPENDIX  D  -  HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 

APPENDIX  E  -  INFORMATION  AS  CONTAINED  IN  THE  NATIONAL 
INVENTORY  OF  DAMS 


-  Hundred  Acrit 
Lot  ^ 

i  ??V  ' 


'•  Prmd 


Cas«l«  HIIIV 


PHASE  I  INSPECTION  REPORT 


LINWOOD  POND  DAM  MA  00896 
SECTION  1  -  PROJECT  INFORMATION 


1 . 1  General 


a.  Authority .  Public  Law  92-367,  August  8,  1972,  authorized  the  Secretary  of 
the  Army,  through  the  Corps  of  Engineers,  to  initiate  a  national  program  of  dam  in¬ 
spection  throughout  the  United  States.  The  New  England  Division  of  the  Corps  of  Engi¬ 
neers  has  been  assigned  the  responsibility  of  supervising  the  inspection  of  dams  with¬ 
in  the  New  England  Region.  Louis  Berger  &  Associates,  Inc.  has  been  retained  by  the 
New  England  Division  to  inspect  and  report  on  selected  dams  in  the  State  of  Massachu¬ 
setts.  Authorization  and  notice  to  proceed  was  issued  to  Louis  Berger  &  Associates, 
Inc.  under  a  letter  of  28  March  1980  from  William  E.  Hodgson,  Jr.,  Colonel,  Corps  of 
Engineers.  Contract  No.  DACW33-80-C-0043  has  been  assigned  by  the  Corps  of  Engineers 
for  this  work. 

b.  Purpose  of  Inspection 

(1)  Perform  technical  inspection  and  evaluation  of  non— Federal  dams  to  identify 
conditions  which  threaten  the  public  safety  and  thus  permit  correction  in  a  timely 
manner  by  non- Federal  interests. 

(2)  Encourage  and  assist  the  States  to  initiate  quickly  effective  dam  safety 
programs  for  non-Federal  dams. 

(3)  Update,  verify  and  complete  the  National  Inventory  of  Dams. 

1.2  Description  of  Project 

a.  Location.  Linwood  Pond  and  Dam  are  located  on  the  Mumford  River  about  2.7 
miles  upstream  from  the  river's  confluence  with  the  Blackstone  River.  The  dam  site 
is  in  the  Town  of  Northbrldge,  Worcester  County,  Massachusetts.  The  dam  lies  just 
west  of  State  Route  122  in  the  village  of  Linwood.  It  is  shown  on  U.S.G.S.  Quadrangle, 
Uxbridge,  Mass. -R. I.,  with  coordinates  approximately  at  N  42°  05'  52",  W  71°  38'  23". 

b.  Description  of  Dam  and  Appurtenances.  Linwood  Pond  Dam  is  a  run-of-the-river 
dam  believed  to  have  been  constructed  around  1865  as  a  diversion  dam  to  furnish  water 
for  a  mill  located  just  downstream  of  the  dam  on  the  left  bank  of  the  Mumford  River. 

Essentially,  the  dam  consists  of  an  overflow  section  which  is  4.5  ft.  below  the  top 
of  dam,  an  earth  endiankment  on  each  side  of  the' overflow  section,  a  dike,  a  low  level 
outlet  and  an  abandoned  intake  structure  leading  to  the  mill. 

The  left  embankment  is  approximately  290  ft.  long,  has  a  crest  width  of  16  ft.  and 
a  3  horizontal  to  1  vertical  downstream  slope  with  a  maximum  height  of  about  8  ft. 

The  embankment  is  located  just  upstream  of  the  mill  buildings  and  the  left  end  of 
the  embankments  is  crossed  by  a  driveway  leading  into  the  mill  complex.  The  right 
embankment  is  about  282  ft.  long,  has  a  crest  width  of  16  ft.  and  a  3  horizontal  to 
1  vertical  downstream  slope  with  a  maximum  height  of  about  16  ft.  The  right  end  of 
the  embankment  meets  natural  ground  in  close  proximity  to  a  gravel  pit  which  is 


located  just  beyond  the  downstream  end  of  the  right  reservoir  rim.  As  mentioned 
above,  the  left  eubankment  intersects  a  driveway  which  connects  the  mill  parking 
lot  and  Linwood  Avenue.  This  parking  lot  and  Avenue  form  a  dike  between  a  portion 
of  Linwood  Pond  that  lies  left  of  Linwood  Avenue,  and  the  main  mill  building.  The 
dike  is  about  276  ft.  long,  has  a  variable  width  (about  100  ft.  or  greater),  and 
its  crest  is  paved  with  asphalt  and  concrete.  There  is  an  abandoned  intake  at  the 
downstream  end  of  the  dike  which  leads  to  an  enclosed  conduit  which  passes  through 
the  mill.  The  abandoned  Intake  has  4  gates.  There  are  two  pressure  fire  hydrants  along 
the  crest  of  the  left  embankment. 

The  overflow  section  or  spillway  has  a  crest  length  of  about  116  ft.  The  spillway 
has  a  timber  apron  on  the  upstream  slope,  a  timber  sill,  and  a  vertical  face  about 
5  ft.  high  on  the  downstream  side  which  Intersects  a  sloping  dumped  granite  block 
apron  leading  to  the  natural  river  channel.  The  spillway  has  5  ft.  high  rubble 
masonry  gravity  training  walls  which  also  form  the  training  walls  for  the  downstream 
spillway  outlet  channel  (see  photographs  in  Appendix  C) . 

There  is  a  low  level  outlet  for  the  facility  located  about  15  ft.  left  of  the  left 

training  wall.  The  Invert  elevation  and  size  of  the  stone  box  culvert  are  un~ 
determined.  The  control  for  the  outlet  is  hand  operated  and  the  low  level  discharges 
are  returned  to  the  Mumford  River  through  the  training  wall  just  downstream  of  the 
spillway.  The  low  level  outlet  is  reported  to  be  in  good  working  condition  and 
operated  two  to  three  times  per  year. 

c.  Size  Classification.  Linwood  Pond  Dam  has  a  hydraulic  height  of  about  17.5 
ft.  above  downstream  river  level,  and  impounds  a  normal  storage  of  about  300  acre- 
ft.  to  spillway  crest  level  and  a  maximum  of  about  590  acre-ft.  to  top  of  dam.  In 
accordance  with  the  size  and  capacity  criteria  given  in  Recommended  Guidelines  for 
Safety  Inspection  of  Dams,  the  project  falls  into  the  small  category  on  the  basis  of 
height  and  capacity  and  is  therefore  classified  accordingly. 

d.  Hazard  Classification.  A  breach  failure  of  Linwood  Pond  Dam  would  release 

water  down  the  Mumford  River  to  its  confluence  with  the  Blackstone  River  about  2.7 

miles  downstream.  The  mill  located  just  downstream  of  the  dam  on  the  left  bank  of 

the  Mumford  River  would  sustain  serldus  flooding  if  a  breach  should  occur.  Two 
houses  in  the  area  of  the  Whitln  Pond  Dam  located  about  4,200  ft.  below  Linwood  Pond 
Dam  would  sustain  serious  flooding.  There  it  is  estimated  that  the  already  swollen 
river  would  rise  about  5  ft.  as  it  overtopped  the  Whitln  Pond  Dam.  About  2.2  miles 

below  Linwood  Pond  Dam  there  is  another  Impoundment  of  the  Mumford  River,  Caprons 

Pond  Dam.  Here  it  is  estimated  that  the  stage  would  rise  about  3  ft.  as  the  breach 
surge  passed  over  the  dam.  Three  commercial  buildings  containing  shops  and  stores 
would  sustain  flood  damage  in  th-'s  area.  In  the  next  reach  beyond  Caprons  Pond  Dam 
the  river  channel  is  narrow  and  it  is  estimated  that  the  river  stage  would  rise  about 
6  ft.  in  this  area,  damaging  a  mill  complex  which  is  located  along  the  banks  of  the 
river.  Beyond  this  point,  about  0.5  mile  downstream,  the  Mumford  River  joins  the 
Blackstone  River  where  the  flood  wave  should  be  significantly  reduced  in  the  wide 
Blackstone  River  Valley.  It  is  estimated  that  in  all  the  damage  areas  the  depth 

of  flooding  of  structures  due  to  the  breach  would  increase  from  about  a  one  foot 
depth  just  prior  to  failure  to  a  depth  of  from  4  to  6  ft.  after  failure  of  the  dam. 

In  accordance  with  the  Recommended  Guidelines  for  Safety  Inspection  of  D*««e,  Linwood 
Pond  Dam  has  therefore  been  classified  as  having  a  high  hazard  potential  since 
failure  would  cause  serious  damage  to  homes,  connercial  establishments,  and 
mill  complexes,  with  the  potential  for  the  loss  of  more  than  a  few  lives. 

e.  Ownership .  Linwood  Pond  Dam  is  owned  by  the  Luslgnan  Corporation,  666 
Linwood  Avenue,  Linwood,  Massachusetts,  01525,  telephone:  617-234>6251. 
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Worcester  County  Dam  Inspection  Sheets  indicate  past  ownership  of  the  dam  as  follows: 

1924  thru  1938  -  Whitin  Brothers,  Inc. 

1940  -  Paul  Whitin  Manufacturing  Company 

1953  thru  1962  -  Whitin  Machine  Company 
1963  -  Stylon  Corporation 

f.  Operator.  Mr.  Paul  Luslgnan,  c/o  Luslgnan  Corporation,  666  Llnwood  Avenue, 
Llnwood,  Massachusetts  01525,  telephone:  617-234-6251. 

g.  Purpose  of  Dam.  It  is  believed  that  the  dam  was  originally  constructed  to 
furnish  power  needs  for  the  mill  located  Just  dotmstream  of  the  dam.  The  Intake  to 
the  mill  Is  now  blocked  off  completely  by  a  concrete  plug  and  the  mill  does  not  use  any 
water  from  the  pond.  Llnwood  Pond  Dam  therefore  no  longer  serves  Its  original  purpose, 
but  It  Is  said  to  be  used  as  a  source  of  irrigation  water  for  a  golf  course  upstream. 
The  owner  has  also  expressed  an  Interest  In  converting  the  dam  back  Into  a  low  head 
hydroelectric  facility. 

h.  Design  and  Construction  History.  A  Worcester  County  Dam  Inspection  Report 
Indicates  that  the  dam  was  constructed  In  1865  by  a  G.  Blanchard.  Mo  other  reports 
or  drawings  have  been  found  pertaining  to  design  and  construction  of  the  dam. 

1.  Normal  Operating  Procedures.  The  only  operating  device  for  the  dam  Is  the 
low  level  outlet  which  la  operative  and  Is  opened  at  times  of  high  flow.  There 
are  no  formal  operating  procedures  for  the  dam. 

1.3  Pertinent  Data 


a.  Drainage  Area.  The  drainage  area  above  Llnwood  Pond  Dam  consists  of  about 
50.4  sq.  ml.,  described  In  general  as  rolling  terrain.  The  watershed  contains 
several  reservoirs,  lakes  and  ponds,  the  largest  bodies  of  water  being  Whitin 
Reservoir,  Manchaug  Pond  and  Crystal  Lake  in  the  upper  reaches  of  the  watershed. 

These  three  bodies  of  water  have  a  total  drainage  area  of  about  15.5  sq.  mi.  and 
would  retard  a  moderate  amount  of  the  runoff  from  the  upper  reaches  of  the  drainage 
area. ..Other  relatively  large  bodies  of  water  are  Lackey  Pond  and  Whitens  Pond 

both  Impoundments  of  the  Mumford  River.  These  two  Ponds  are  Impounded  by  run-of-the- 
rlver  dams  and  would  have  a  lesser  affect  than  the  three  other  ponds  on  the  runoff 
from  the  drainage  basin.  In  general,  the  drainage  area  Is  heavily  wooded,  but 
contains  some  open  fields  and  populated  areas.  The  most  heavily  populated  area  Is 
In  the  southern  part  of  the  watershed  in  the  village  of  East  Douglas  and  just 
upstream  of  Llnwood  Pond  Dam  In  the  community  of  Whitlnsvllle. 

b.  Discharge  at  Damslte 

(1)  Outlet  Works  Conduit.  Though  a  low  level  outlet  exists  for  Llnwood 
Pond  Dam,  the  size  and  Invert  elevation  could  not  be  ascertained.  Therefore,  the  dis¬ 
charge  capacity  of  the  outlet  Is  unknown,  but  It  Is  reported  to  be  In  working  condition. 

(2)  Maximum  Known  Flood  at  Damslte.  The  maximum  known  discharge  at  the 
damslte  is  unknown.  U.S.G.S.  Water-Supply  Paper  798,  The  Floods  of  March  1936,  reports 
that  the  nutvlmuiii  discharge  on  the  Mumford  River  at  a  point  about  2.3  ml.  downstream 

of  the  dam  was  3,570  cfs  on  March  19,  1936.  The  drainage  area  above  this  point  of 
recorded  discharge  Is  57  sq.  ml.  compared  with  a  drainage  area  above  Llnwood  Pond  Dam 
of  about  50  sq.  ml.  A  Worcester  County  Inventory  sheet  for  the  dam  reports  that  the 
1938  Flood  topped  the  dam  by  0.5  ft.  An  Inspection  Report  made  by  the  Worcester 
County  Engineer  dated  October  19,  1938  states,  "apparently  the  flood  topped  the 
embankment  by  a  small  amount  (5  or  6  in.)"  Another  County  Dam  Inspection  Report  for 
the  dam  dated  October  6,  1961,  states,  "Repaired  after  1955  Flood",  though  there  Is 
no  record  of  the  flood  stage. 
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(3)  Ungated  Spillway  Capacity  at  Top  of  Dam.  The  total  spillway  capacity  at 
top  of  dam,  elevation  270.3,  Is  about  3,550  cfs. 

(4)  Ungated  Spillway  Capacity  at  Test  Flood  Elevation.  The  ungated  spillway 
capacity  Is  about  8,100  cfs  at  test  flood  elevation  273.9 

(5)  Gated  Spillway  Capacity  at  Normal  Pool  Elevation.  Not  applicable 

(6)  Gated  Spillway  Capacity  at  Teat  Flood  Elevation.  Not  applicable 

(7)  Total  Spillway  Capacity  at  Test  Flood  Elevation.  The  total  spillway  capa¬ 
city  at  the  test  flood  elevation  Is  the  same  as  (4)  above,  8,100  cfs  at  test  flood 
elevation  273.9 

(8)  Total  Project  Discharge  at  Top  of  Dam.  The  discharge  capability  of  the 
low  level  discharge  outlet  could  not  be  ascertained.  It  Is  estimated  that  the  total 
project  discharge  would  only  be  slightly  greater  than  the  spillway  discharge  of  3,550 
cfs  at  elevation  270.3. 

(9)  Total  Project  Discharge  at  Test  Flood  Elevation.  The  total  project  dis¬ 
charge  Is  17,600  cfs  at  test  flood  elevation  273.9 

c.  Elevation  (ft.  N.G.V.D.) 

(1)  Streambed  at  toe  of  dam  -  253 

(2)  Bottom  of  Cutoff  -  Unknown 

(3)  Haxlmum  tallwater  -  Unknown 

(4)  Recreation  pool  -  Not  applicable 

(5)  Full  flood  control  pool  -  Not  applicable 

(6)  Spillway  crest  -  266 

(7)  Design  surcharge  (Original  Design)  -  Unknown 

(8)  Top  of  dam  -  270.5 

(9)  Test  flood  surcharge  -  273.9 

d.  Reservoir  (Length  in  feet) 

(1)  Normal  pool  -  3,700 

(2)  Flood  control  pool  -  Not  applicable 

(3)  Spillway  crest  pool  -  3,700 

(4)  Top  of  dam  -  5,600 

(5)  Test  flood  pool  -  6,900 
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e.  Storage  (acre-feet) 

(1)  Normal  pool  -  300 

(2)  Flood  control  pool  -  Not  applicable 

(3)  Spillway  crest  pool  -  300 

(4)  Top  of  dam  -  590 

(5)  Test  flood  pool  -  910 

f.  Reservoir  Surfe.e  (acres) 

(1)  Normal  pool  -  48.7 

(2)  Flood-control  pool  -  Not  applicable 

(3)  Spillway  crest  -  48.7 

(4)  Top  of  dam  -  81 

(5)  Test  flood  pool  -  112 

g.  Dam 

(1)  Type  -  Masonry  gravity  overflow  section  and  earth  non-overflow  sections 

(2)  Length  -  688  ft. 

(3)  Height  -  17.5  ft. 

(4)  Top  Width  -  16  ft. 

(5)  Side  Slopes  -  Non-overflow  section:  Upstream  -  Unknown 

Downstream  -  2  horizontal  to  1  vertical 

(6)  Zoning  -  Unknown 

(7)  Impervious  Core  -  Unknown 

(8)  Cutoff  -  Unknown 

(9)  Grout  Curtain  -  Unknown 
Dike 

(1)  Type  -  Earthflll 

(2)  Length  -  276  ft. 

(3)  Height  -  17.8  ft. 
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Top  Width  -  100  ft.  (approximate) 


(4) 

(5)  Side  Slopes  -  Upstream  -  Unknown;  Downstream  -  varies  -  vertical 

to  generally  gentle 

(6)  Zoning  -  Unknown 

(7)  Impervious  Core  -  Unknown 

(8)  Cutoff  -  Unknown 

(9)  Grout  Curtain  -  Unknown 

h.  Diversion  and  Regulating  Tunnel  -  None 

i.  Spillway 

(1)  Type  -  Masonry  gravity  with  wooden  crest 

(2)  Length  of  Weir  -  116  ft. 

(3)  Crest  elevation-  266  ft. 

(4)  Gates  -  None 

(5)  U/S  Channel  -  Natural  river  channel 

(6)  D/S  Channel  -  Dumped  granite  block  apron  with  training  walls  leading  to 

natural  river  channel. 

j .  Regulating  Outlets 

(1)  Invert  -  Unknown* 

(2)  Size  -  Unknown* 

(3)  Description  -  Masonry  box  culvert 

(4)  Control  Mechanism  -  Hand  operated 

(5)  Other  *  A  Worcester  County  Inventory  Sheet  (see  Appendix  B)  reports 

that  the  waste  gate  is  3  ft.  X  3.5  ft.  at  an  elevation 
5.5  ft.  below  the  spillway  crest. 


SECTION  2  -  ENGINEERING  DATA 


2.1  Design  Data 

No  data  on  the  design  of  the  dam  or  appurtenances  has  been  recovered.  In  the  course 
of  the  Inspection  a  sketch  of  the  dam  was  made  and  Is  Included  In  Appendix  B. 

2.2  Construction  Data 

No  records  or  correspondence  regarding  construction  have  been  found  with  the  exception 
of  a  Worcester  County  Dam  Inspection  Report  which  Indicates  that  the  dam  was  constructed 
in  1865  by  a  G.  Blanchard.  It  was  reported  by  the  owner  that  the  pond  was  drained  in 
1975  and  repairs  performed  on  the  masonry  and  timber  sections  of  the  spillway. 

2.3  Operation  Data 

There  are  no  formal  operating  records  for  the  dam.  It  was  reported  by  the  owner  that 
the  low  level  outlet  is  opened  at  times  of  high  flow  in  the  river. 

2.4  Evaluation  of  Data 


a.  Availability.  Since  no  engineering  data  is  available,  it  is  not  possible 
to  make  an  assessment  of  the  safety  of  the  dam.  The  basis  of  the  information  presented 
in  this  report  is  principally  the  visual  observations  of  the  inspection  team. 

b*  Adequacy.  The  lack  of  in-depth  engineering  data  did  not  allow  for  a  defini¬ 
tive  review.  Therefore,  the  adequacy  of  this  dam  could  not  be  assessed  from  the  stand¬ 
point  of  reviewing  design  and  construction  data,  but  is  based  primarily  on  visual  in¬ 
spection,  past  performance  history  and  sound  engineering  judgement. 

c.  Validity.  Not  applicable. 
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SECTION  3  -  VISUAL  INSPECTION 


l.l  Findings 

a.  General.  The  visual  inspection  of  Linwood  Pond  Dam  took  place  on  April  17, 
.980.  On  that  date  water  was  flowing  about  0.6  ft.  deep  over  Che  spillway  and  the 
lischarge  was  estimated  to  be  about  170  cfs.  The  dam  was  Judged  to  be  in  fair 
:ondltlon.  The  major  cause  for  concern  was  seepage  at  two  locations.  In  addition, 
several  ocher  items  require  attention  (see  Section  7). 

b.  Dam. .  The  dam  is  a  run-of-the-river  dam  with  an  overall  length  of  about 
>88  ft.  The  facility  also  has  a  dike  which  extends  downstream  from  the  left  end  of 
:he  left  embankment  paralleling  the  river  for  a  distance  of  about  276  ft.  In  addl- 
:lon  Co  the  dike,  the  other  principal  elments  of  Che  dam  are  an  ashlar  faced  gravity 
)verflow  section,  earth  embankments,  an  abandoned  conduit  which  passes  through  a  mill 
Located  just  downstream  of  Che  left  embankment,  and  a  low  level  outlet. 

Starting  from  the  right,  there  is  an  earth  embankment  about  282  ft.  long  which  inter* 
sects  natural  ground  on  the  far  right  not  too  far  from  an  abandoned  gravel  pit.  The 
Embankment  has  a  maximum  height  of  about  16  ft.,  a  crest  width  of  about  16  ft.  and  a 
3  horizontal  to  1  vertical  downstream  slope.  This  embankment  exhibits  some  seepage 
slong  Che  downstream  toe  from  a  point  approximately  SO  ft.  right  of  the  spillway,  and 
for  a  distance  to  the  right  of  perhaps  SO  ft.  and  10  ft.  downstream  of  the  toe.  There 
is  heavy  brush  and  tree  growth  on  both  Che  downstream  and  upstream  slopes  of  this 
embankment.  There  is  minor  erosion  on  Che  downstream  slope  of  the  right  embankment 
near  the  training  wall  of  Che  spillway  (see  Appendix  C,  Photo  Nos.  1  &  2). 

The  right  shoreline  upstream  of  the  right  embankment  is  separated  from  a  gravel  pic 
by  an  Irregular  earth  berm  that  has  been  formed  as  the  result  of  a  gravel  pit  opera¬ 
tion.  This  area  exhibits  seepage  in  the  direction  of  the  gravel  pit  and  requires 
further  investigation  to  determine  Che  stability  of  the  berm  slopes.  These  slopes 
appear  to  be  about  one  and  one-half  (1^)  to  one  on  the  downstream  side  and  upstream 
they  are  covered  with  heavy  tree  and  brush  growth.  The  floor  of  Che  gravel  pit  in 
this  area  is  lower  chan  the  normal  water  surface  of  Linwood  Pond  and  the  seepage  is 
quite  substantial  over  a  relatively  large  area.  A  general  reconnaissance  was  made 
of  Che  mined  out  gravel  pic  and  Che  whole  rim  of  the  pit  appears  to  be  generally 
higher  than  Che  reservoir  level.  Therefore,  any  outflow  from  a  breach  of  the  reser¬ 
voir  rim  into  the  gravel  pit  would  probably  be  contained  within  the  pit  and  then  re¬ 
turned  to  the  river  through  a  shallow  ravine  downstream  of  the  dam.  However,  this 

should  be  verified  by  a  more  detailed  survey  (see  Appendix  C,  Photos  Nos.  6,7  &  8). 

This  area  is  reportedly  owned  by  a  Mr.  Devries  and  not  by  the  Luslgnan  Co.  who  is 
the  owner  of  the  dam. 

The  left  embankment  starts  at  the  Linwood  Avenue  Dike  and  extends  to  Che  right  for 
a  distance  of  about  290  ft.  to  Che  spillway.  The  crest  of  the  embankment  is  about 
16  ft.  wide  and  has  a  maximum  height  of  about  8  ft.  The  downstream  slope  is  3  hori¬ 
zontal  CO  1  vertical.  A  mill  complex  is  located  just  downstream  of  the  left  embank¬ 
ment.  The  embankment  is  generally  in  good  condition.  The  upstream  slope  is  covered 

with  a  light  cobblestone  slope  protection  generally  less  than  6  in.  in  size.  However, 
there  is  some  erosion  on  the  upstream  slope  just  to  the  left  of  the  spillway  and  also 
near  the  low  level  outlet.  The  downstream  slope  is  sodded  and  well  maintained,  and 
it  appears  to  be  in  good  condition  with  no  evidence  of  sloughing  or  slope  movement. 

No  seeepage  could  be  seen  along  the  toe  which  is  in  close  proximity  to  the  mill  build¬ 
ing.  The  downstream  toe  of  the  embankment  is  paved  (see  Appendix  C,  Photo  Nos.  3  &  4) 
There  are  two  pressure  fire  hydrants  on  the  crest  of  the  left  embankment. 
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Llnwood  Avenue  Dike.  A  portion  of  Llnwood  Avenue  and  the  mill  complex's  parking 
lot  acts  as  a  dike  retaining  part  of  Linwood  Pond  in  a  catchment  which  lies  to  the 
left  of  Llnwood  Avenue.  The  dike  is  about  276  ft.  long  and  has  a  wide  crest  with  a 
minimum  width  of  about  100  ft.  A  culvert  located  just  upstream  of  the  dike  and  under 
Llnwood  Avenue  connects  the  two  parts  of  the  pond.  The  Llnwood  Avenue  Dike  is  covered 
with  heavy  brush  and  tree  growth  on  the  upstream  slope.  Because  of  the  heavy  growth, 
the  condition  of  the  upstream  slope  could  not  be  determined.  The  dike  runs  parallel 
to  the  Mumford  River.  On  its  downstream  end  there  is  an  abandoned  gate  structure 
which  leads  to  a  conduit  which  passes  through  the  mill  and  connects  back  to  the  Ikimford 
River.  The  Intake  to  the  conduit  has  been  blocked  off  completely  by  a  concrete  plug 
and  no  longer  serves  any  useful  purpose  (see  Appendix  C,  Photo  Nos.  5  &  10). 

c.  Appurtenance  Structures 

(1)  Spillway.  The  overflow  section  of  the  dam  is  about  116  ft.  long  and  lies 
between  the  left  and  right  embankments.  The  overflow  section  is  a  masonry  gravity 
structure  with  a  timber  apron  on  the  upstream  face  and  a  timber  sill  on  its  crest. 

There  is  a  5  ft.  vertical  drop  from  the  crest  to  a  sloping,  dumped  granite  block 
apron  which  slopes  down  to  the  natural  channel  of  the  Mumford  River.  The  spillway 
is  separated  from  the  embankments  by  4.5  ft.  high  rubble  masonry  gravity  walls  which 
form  the  left  and  right  training  walls  of  the  spillway.  Both  the  left  and  right  training 
walls  are  in  need  of  resetting  and  repointing  and  several  capstones  are  displaced. 

At  the  time  of  the  inspection  water  was  flowing  about  7  in.  above  the  crest  of  the 
spillway,  so  it  was  not  possible  to  observe  the  condition  of  the  downstream  toe  or 
crest  of  the  overflow  section.  Nevertheless,  the  water  appears  to  be  flowing  uni¬ 
formly  with  no  evidence  of  turbulence  or  missing  or  eroded  elements  (see  Appendix  C, 

Photo  Nos.  11,  12,  13  &  14). 

(2)  Low  Level  Outlet.  There  is  a  low  level  outlet  for  the  facility  which  is 
located  in  the  left  embankment  about  15  ft.  left  of  the  left  spillway  training  wall. 

The  control  for  the  outlet  is  hand  operated  and  the  conduit  is  believed  to  be  a 
granite  block  structure.  The  downstream  end  of  the  outlet  can  be  seen  on  Photograph 
No.  12.  The  invert  elevation  and  conduit  size  could  not  be  ascertained.  A  Worcester 
County  Inventory  Sheet  reports  that  the  size  is  3  ft.  x  3^  ft.  The  owner  has 
indicated  that  the  outlet  is  in  good  working  order  and  is  opened  two  to  three  times 
per  year.  The  owner  also  stated  that  the  outlet  was  used  about  five  years  ago  to  lower 
the  pond  when  repairs  were  made  to  the  spillway  of  the  dam  (see  Appendix  C,  Photo  No. 9). 

d.  Reservoir  Area.  The  reservoir  shores  appear  stable  except  in  the  area  dis¬ 
cussed  under  (b)  above  where  the  rim  of  the  reservoir  is  adjacent  to  the  mined  out 
gravel  pit,  near  the  right  end  of  the  right  embankment.  Seepage  through  the  rim  of 
the  reservoir  into  the  gravel  pit  was  noted  in  this  area  and  should  be  Investigated 
further.  Llnwood  Avenue  parallels  the  left  side  of  the  reservoir  for  its  entire 
length.  A  golf  course  is  located  on  the  right  side  of  the  reservoir  near  its  upstream 
end. 


e.  Downstream  Ctiannel.  Immediately  downstream  of  the  dam  there  is  a  mill 
located  on  the  left  side  of  the  river.  The  left  training  wall  for  the  spillway  ex¬ 
tends  downstream  for  quite  some  distance  as  the  river  passes  the  mill.  The  right  bank 
of  the  river  bed  is  rather  low  and  covered  with  brush.  There  is  some  debris  lodged 
in  the  granite  block  apron  of  the  spillway  but  the  remainder  of  the  channel  appears 
unobstructed.  About  4,200  ft.  below  the  dam  there  is  another  impoundment  of  the 
Mumford  River  known  as  Whitln  Pond,  located  in  the  village  of  North  Uxbridge.  About 


7,000  ft.  below  Whitin  Pond  in  the  village  of  Uxbridge  is  another  dam  along  the 
river  forming  Caprotis  Pond.  Below  the  Caprona  Pond  dam  the  river  channel  is  narrow 
until  it  joins  the  Blackstone  River  about  0.5  mile  below  the  Caprons  Pond  Dam. 

3 . 2  Evaluation 


The  visual  inspection  of  the  dam  adequately  revealed  key  characteristics  as  they 
may  relate  to  its  stability  and  integrity,  permitting  an  assessment  to  be  made  of 
those  features  affecting  the  safety  of  the  structure.  The  Linwood  Pond  Dam,  dike 
and  appurtenant  works  are  judged  to  be  in  generally  fair  condition.  Seepage  was 
noted  near  the  toe  of  the  right  embankment  and  through  the  rim  of  the  reservoir 
leading  to  a  mined  out  gravel  pit  located  just  to  the  right  of  the  righ  embankment. 
There  is  considerable  tree  and  brush  growth  on  the  right  embankment  and  on  the  up¬ 
stream  slope  of  the  Linwood  Avenue  Dike.  The  spillway  training  walls  are  in  need 
of  resetting  and  repointing  and  there  is  a  minor  amount  of  erosion  on  both  embank¬ 
ments.  The  low  level  was  reported  to  be  operative.  For  these  reasons  the  dam,  dike 
and  appurtenant  works  are  judged  to  be  in  only  fair  condition. 
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SECTION  4  -  OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4.1  Operational  Procedures 

a.  General .  Llnwood  Pond  Dam  is  operated  by  the  Lusignan  Corporation.  The 
only  operating  device  is  the  low  level  gated  conduit  through  the  left  embankment. 

The  control  gate  is  normally  kept  closed,  but  it  is  opened  when  discharges  are  high 
in  the  Mumford  River.  There  are  no  formal  operating  procedures  for  the  dam. 

b.  Description  of  any  Warning  System  in  Effect.  No  warning  system  is  in  effect 
at  Linwood  Pond  Dam. 

4.2  Maintenance  Procedures 


a.  General.  No  regular  periodic  maintenance  program  is  in  effect  at  Linwood 
Pond  Dam.  There  are  however  several  items  which  require  periodic  maintenance  such 
as:  the  upkeep  of  sod  on  the  crest  and  downstream  slope  of  the  dam;  the  removal  of 
growth  from  the  embankments  and  the  dike;  the  removal  of  debris  from  the  spillway 
crest  and  downstream  channel;  the  repair  of  the  spillway  training  walls;  the  sur¬ 
veillance  of  the  embankment  regarding  seeps,  slope  damage  and  animal  burrows;  and, 
the  maintenance  of  the  outlet  gate. 

b.  Operating  Facilities.  The  only  existing  operating  facility  for  the  dam  is 
the  low  level  outlet  which  appears  to  be  well  maintained.  The  conduit  leading  to  the 
mill  at  the  downstream  end  of  the  Linwood  Avenue  Dike  has  been  abandoned  and  sealed 
with  a  concrete  plug. 

4.3  Evaluation 


Overall  maintenance  of  the  dam  is  generally  fair.  Specific  maintenance  items  are 
evaluated  as  follows;  the  sod  on  the  crest  and  downstream  slope  of  the  left  embank¬ 
ment  is  in  good  condition;  brush  and  trees  are  well  established  on  the  right  embank¬ 
ment  and  dike,  and  need  to  be  removed;  the  spillway  crest  is  relatively  free  of 
debris;  the  downstream  spillway  channel  needs  to  be  cleared  of  debris;  there  is 
mortar  missing  from  the  joints  of  the  spillway  training  walls;  there  is  seepage  at 
the  toe  of  the  right  embankment  and  at  the  right  reservoir  rim;  no  seeps  were  evi¬ 
dent  along  the  left  embankment  or  dike;  the  low  level  outlet  is  in  operating  condi¬ 
tion.  The  owner  should  establish  a  formal  warning  system  for  the  dam  in  the  event 
of  an  emergency. 


SECTION  5  -  EVALUATION  OF  HYDRAULIC/HYDROLOGIC  FEATURES 


5 . 1  General 

Linwood  Pond  Dan  consists  of  a  masonry,  gravity  overflow  section  flanked  by  earth 
embankments  and  a  dike  formed  by  a  roadway  and  parking  lot  fill.  The  dam  impounds 
a  normal  storage  of  about  300  acre-ft.  with  provisions  for  an  additional  290  acre-ft. 
of  capacity  in  its  surcharge  space  to  top  of  dam.  It  is  a  run-of-the-river  dam 
and  is  basically  a  high  spillage-low  storage  facility.  The  spillway  is  capable  of 
discharging  about  3,550  cfs  with  the  surcharge  to  the  top  of  dam.  The  general  topo- 
raphic  characteristics  of  the  50. A  sq.  mi.  drainage  area  is  best  described  as  roll¬ 
ing  terrain,  which  rises  from  elevation  266.0  at  spillway  crest  to  elevation  920. 

The  area  contains  numerous  reservoirs,  lakes,  and  ponds  both  in  the  upper  reaches 
and  along  the  Mumford  River.  In  the  upper  reaches  of  the  drainage  area  are  located 
Whitin  Reservoir,  Manchaug  Pond,  and  Crystal  Lake.  The  drainage  area  above  these 
bodies  of  water  in  the  basin  are  Lackey  Pond  and  Whitens  Pond,  both  impoundments 
of  the  Mumford  River.  The  effect  of  these  impoundments  on  the  runoff  from  the 
basin  were  considered  in  this  study  in  arriving  at  the  test  flood  value  for  Linwood 
Pond  Dam,  and  should  be  considered  further  in  Che  more  detailed  hydrology  study 
recommended  in  Section  7.  The  area  contains  both  open  fields  and  forests  but  is 
predominately  forested. 

5. 2  Design  Data 

No  hydrologic  computations  or  hydraulic  data  has  been  recovered  for  the  dam. 

5 . 3  Experience  Data 

No  formal  records  are  avilable  in  regard  to  past  operation  of  the  dam,  nor  of  sur¬ 
charge  encroachments  and  flows  through  the  spillway.  U.S.G.S.  Water-Supply  Paper  798, 
The  Floods  of  March  1936,  reports  that  the  maximum  discharge  for  chat  flood  at  a 
point  about  2.3  mi.  downstream. of  the  dam  was  3,570  cfs  on  March  19,  1936.  The 
drainage  area  above  point  of  recorded  discharge  is  57  sq.  mi.,  compared  with  a 
drainage  area  above  Linwood  Pond  Dam  of  50.4  sq.  mi.  A  Worcester  County  Inventory 
Sheet  for  the  dam  reports  that  the  1938  Flood  topped  the  dam  by  0.5  ft.  An  inspection 
Report  made  by  the  Worcester  County  Engineer  dated  October  19,  1938  states,  "ap¬ 
parently  the  flood  topped  the  embankment  by  a  small  amount  (5  to  6  in.)".  Another 
County  Dam  Inspection  Report  dated  October  6,  1961  states,  "Repaired  after  1955 
Flood",  though  there  is  no  record  of  the  flood  stage. 

5.4  Test  Flood  Analysis 


Hydrologic  and  hydraulic  characteristics  of  Linwood  Pond  Dam  and  drainage  area  were 
evaluated  in  accordance  with  the  criteria  given  in  Recommended  Guidelines  for  Safety 
Inspection  of  Dams.  For  determining  surface  areas  and  surcharge  capacities,  plani- 
metered  areas  were  taken  from  contours  delineated  on  U.S.G.S.  1:24,000  and  1:25,000 
scale  maps.  As  indicated  in  Section  1.2,  paragraphs  c  and  d,  Linwood  Pond  Dam  is 
classified  as  small  in  size  and  has  a  high  hazard  potential.  The  recommended  range 
of  test  floods  for  hydraulic  evaluation  of  such  a  dam  is  between  4  PMF  and  a  full  PMF. 
Because  of  the  relatively  small  amount  of  storage  in  Linwood  Pond  and  the  available 
valley  storage  below  the  dam  in  Whitin  Pond  and  Caprons  Pond,  a  ^  PMF  was  selected 
as  the  test  flood  most  appropriate  for  evaluation  of  the  dam. 
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The  NED  March  1978  Preliminary  Guidance  Memorandum  for  Estimating  Probable  Discharges 
was  used  for  estimating  the  probable  maximum  flood  peak  flow  rate.  A  point  was 
chosen  half  way  between  the  NED's  Rolling  Terrain  Curve  and  the  Flat  and  Coastal 
Curve  to  yielding  a  PMF  discharge  of  700  cfs  per  sq.  ml.  For  the  test  flood  the 
value  was  then  divided  by  2,  arriving  at  a  CSM  of  about  350  and  a  discharge  for  the 
drainage  area  of  17,600  cfs.  Because  of  the  high  discharge  and  low  storage  capability 
of  the  Impoundment  above  the  dam  and  Inflow  is  approximately  equal  to  outflow,  a 
test  flood  routing  was  not  performed. 

A  discharge  curve  for  the  dam  was  computed  (see  Sheets  D-6  and  D-7).  The  low 
level  outlet  gate  was  assumed  closed  when  computing  the  curve.  With  the  reservoir 
to  the  top  of  the  dam  (elevation  270.5)  the  spillway  can  release  about  3,550  cfs 
or  about  20  percent  of  the  test  flood  outflow.  The  overflow  portion  of  the  spillway 
will  not  pass  the  test  flood  without  overtopping  the  earth  embankments  by  about  3.4  ft. 

5. 5  Dam  Failure  Analysis 

A  breach  owing  to  structural  failure  of  the  dam  is  a  possibility.  For  this  analysis 
a  breach  was  assumed  with  the  water  level  at  the  top  of  the  earth  embankments.  The 
"rule  of  thumb"  method  suggested  in  the  NED  March  1978  Guidance  Report  was  used  for 
the  breach  analysis.  With  a  breach  width  of  about  40  percent  of  the  earth  embankments 
or  about  230  ft.,  a  sudden  surge  of  about  28,200  cfs  would  be  realized  in  addition  to 
a  flow  of  3,500  cfs  from  the  spillway,  giving  a  total  discharge  of  31,700  cfs  (see 
Sheets  D-9  thru  D-12,  Appendix  D) . 

The  impact  area  for  failure  of  the  dike  is  the  same  as  for  the  dam.  Immediately 
below  Llnwood  Pond  Dam  there  is  a  mill  complex  located  on  the  left  bank  of  the 
Mumford  River.  A  breach  of  the  dam  could  cause  severe  flooding  in  and  around 
the  mill  complex.  About  4,200  ft.  below  Llnwood  Pond  Dam,  the  Mumford  River  is 
pounded  by  a  dam  which  forms  Whitin  Pond.  It  is  estimated  that  a  breach  would  cause 
overtopping  of  this  dam  and  that  the  stage  of  the  River  would  be  about  5  ft.  higher 
than  that  which  would  be  expected  from  the  spillway  discharge  just  prior  to  failure. 

The  estimated  flow  in  this  area  would  be  about  19,900  cfs  and  two  houses  in  the 
vicinity  of  the  dam  would  sustain  heavy  damage.  About  2.2  miles  below  Llnwood  Pond 
Dam  is  the  Caprons  Pond  Dam,  another  Impoundment  of  the  Mumford  River.  Here  it  is 
estimated  that  the  discharge  would  be  about  9,400  cfs  and  that  the  stage  over  the  dam 
would  be  about  3  ft.  higher  than  the  stage  caused  by  the  spillway  discharge  through 
Llnwood  Pond  Dam  just  prior  to  failure.  Three  commercial  buildings  containing  shops 
and  stores  would  sustain  flood  damage  in  this  area.  In  the  next  reach  beyond  Caprons 
Pond  Dam  the  river  channel  is  narrow  and  little  valley  storage  is  available.  It  is 
estimated  that  the  river  stage  in  this  location  would  rise  about  6  ft.  because  of  the 
breach  and  that  a  mill  complex  in  close  proximity  to  the  river  would  sustain  signifi¬ 
cant  damage.  It  is  estimated  that  in  all  the  damage  areas  the  depth  of  flooding  of 
structures  due  to  the  breach  would  increase  from  about  a  1  ft. depth  just  prior  to 
failure  to  a  depth  of  from  4  to  6  ft.  after  failure  of  the  dam.  About  0.5  mile  below 
this  point  the  Mumford  River  joins  the  Blackstone  River,  where  the  flood  surge  due 
to  the  breach  should  be  significantly  reduced. 

In  summary,  a  breach  of  Llnwood  Pond  Dam  could  cause  the  flooding  of  two  mill  com¬ 
plexes,  two  houses,  and  three  commercial  buildings  containing  shops  and  stores,  with 
the  possibility  of  the  loss  of  more  than  a  few  lives.  The  area  of  potential  flood¬ 
ing  is  shown  on  Sheet  D-13,  Append'lx  D. 


SECTION  6  -  EVALUATION  OF  STRUCTURAL  STABILITY 


6.1  Visual  Observations 


There  are  no  design  calculations,  as-built  drawings  or  other  data  which  would  permit 
the  preparation  of  structural  stability  computations-  The  dam  and  dikes  are  now 
stable  and  are  in  fair  condition.  Deficiencies  described  below  and  in  Section  7 
should  be  corrected. 

The  field  inspection  revealed  the  following: 

(1)  Seepage  at  the  downstream  toe  of  the  right  embankment  and  at  the 
gravel  pit  beyond  the  reservoir  rim. 

(2)  Need  for  repolntlng  of  mortar  in  the  joints  of  the  rubble  masonry 
spillway  training  walls. 

(3)  Minor  erosion  on  the  upstream  slope  of  the  left  embankment  and 
downstream  slope  of  the  right  embankment. 

(4)  Brush  and  tree  growth  on  the  right  embankment  and  on  the  Linwood 
Avenue  Dike. 

(5)  The  condition  of  the  low  level  outlet  is  unknown. 


5.2  Design  and  Construction  Data 


No  plan  or  calculations  of  value  to  a  stability  assessment  are  available. 

6.3  Post-Construction  Changes 

There  are  no  records  of  any  major  post-construction  changes  made  to  the  dam,  dikes 
or  spillway  that  are  of  significance  to  the  stability  of  the  facility.  However, 
there  has  been  a  recent  gravel  pit  operation  beyond  the  right  abutment  of  the  dam 
and  along  the  right  reservoir  rim.  The  effect  of  the  gravel  pit  on  the  integrity 
of  the  right  reservoir  rim  needs  to  be  fully  addressed. 

6.4  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  No.  2  and  in  accordance  with  recommended  Phase  I 
guidelines,  does  not  warrant  seismic  analysis. 
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SECTION  7 

ASSESSMENT,  RECOMMENDATIONS  &  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition.  On  the  basis  of  the  Phase  I  visual  examination,  Llnwood  Pond 
Dam  and  Dike  appear  to  be  in  fair  condition.  The  deficiencies  revealed  indicate 
that  a  further  investigation  should  be  carried  out  and  that  some  remedial  work  is 
needed.  The  major  concerns  with  the  overall  integrity  of  the  'dam  are  as  follows: 

(1)  The  spillway  will  only  pass  about  20  percent  of  the  test  flood  without 
overtopping  the  embankments. 

(2)  A  zone  of  seepage  at  the  downstream  toe  of  the  right  embankment. 

(3)  A  zone  of  seepage  in  the  mined  out  gravel  pit  near  the  right  embankment. 

b.  Adequacy  of  Information.  The  lack  of  in-depth  engineering  data  did  not 
allow  for  a  definitive  review.  Therefore,  the  adequacy  of  this  dam  could  not  be 
assessed  from  the  standpoint  of  reviewing  design  and  construction  data,  but  is 
based  primarily  on  visual  inspection,  past  performance  history  and  sound  engineer¬ 
ing  judgement. 

c.  Urgency.  The  recommendations  and  remedial  measures  enumerated  below  should 
be  implemented  by  the  owner  within  one  year  after  receipt  of  this  Phase  I  Inspection 
Report . 

7.2  Recommendations 


It  is  recommended  that  the  owner  should  retain  the  services  of  a  registered  profes¬ 
sional  engineer  experienced  in  the  design  of  earth  dams  to  make  investigations  and 
studies  of  the  following,  and,  if  proved  necessary,  to  design  appropriate  remedial 
works : 

(1)  Make  a  thorough  study  of  the  hydrology  of  the  drainage  basin  and  evaluate 
further  the  potential  for  overtopping  and  the  adequacy  of  the  spillway. 

(2)  Inspect  the  spillway  during  a  period  of  low  flow  or  no  flow  conditions. 

(3)  Study  and  monitor  the  seepage  emanating  from  the  right  reservoir  rim  into 
the  abandoned  gravel  pit  to  the  right  of  the  dam. 

(4)  Study  the  seepage  emanating  from  the  right  embankment. 

(5)  Investigate  the  structural  Integrity  of  the  right  reservoir  rim. 

Removal  of  trees  and  heavy  brush  growth  including  their  root  systems 
from  the  upstream  slope  of  the  Llnwood  Avenue  Dike,  backfill  with  a  suitable  material 
and  inspect  the  condition  of  the  slope. 

(7)  Removal  of  trees  and  brush  growth  from  both  the  upstream  and  downstream 
slopes  of  the  embankment  to  the  right  of  the  spillway  and  backfill  with  suitable 
material. 
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(8)  Determine  the  need  to  relocate  the  two  pressure  fire  hydrants  located 
on  the  dam. 

7.3  Remedial  Measures 


a.  Operating  and  Maintenance  Procedures 

(1)  Repair  and  repolnt  the  mortar  joints  in  the  left  and  right  training  walls 
of  the  spillway.  Including  resetting  dislodged  capstones. 

(2)  Repair  erosion  on  the  upstream  slope  of  the  left  embankment  adjacent  to 
the  low  level  outlet  and  the  left  spillway  training  wall  and  on  the  downstream 
slope  of  the  right  embankment  near  the  right  training  wall  with  suitable  compacted 
soil,  and  riprap  if  necessary. 

(3)  Develop  a  formal  surveillance  and  downstream  emergency  warning  plan, 
including  round-the-clock  monitoring  during  periods  of  heavy  precipitation.  Such 
monitoring  should  Include  seepage  through  the  right  reservoir  rim. 

(4)  Institute  procedures  for  an  annual  periodic  technical  inspection  of  the  dam 
and  appurtenant  structures  including  operation  of  the  low  level  outlet  and  the 
condition  of  the  concrete  plug  in  the  abandoned  outlet  conduit. 

(5)  Remove  debris  from  spillway  channel. 

(6)  Implement  a  regular  periodic  maintenance  program. 

7.4  Alternatives 

The  only  practical  alternative  would  be  to  remove  the  dam  under  the  direction  of  a 
registered  professional  engineer  with  due  consideration  of  environmental  effects. 
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APPENDIX  A 


INSPECTION  CHECKLIST 


V  I 


VISUAL  INSPECTION  CHECKLIST 
PARTY  ORGANIZATION 


PROJECT _ LINWOOD  POND  DAM _  DATE  17  April  1980 

OWNER _ Luslgnan  Corporation _  2:00  P.M. 


WEATHER  Pine _ 

W.S.  ELEV.  266.6  u.s.  NA  DN.S. 


INSPECTION  PARTY 


A/E  REPRESENTATIVES 
Peter  B.  Dyson 

2.  Pasquale  E.  Corsettl 

3,  Roger  F.  Berry 

4^  Carl  J.  Hoffman 

5,  William  S.  Zolno 


OWNER’S  REPRESENTATIVES 

1.  Paul  Luslgnan 

2.  _ 

3.  _ 

4.  _ 

5. 


PROJECT  FEATURE  INSPECTED  BY  REMARKS 

Hydrologic _ Roger  F.  Berry _ LBA 

2.  Hydraullcs/Structures _ Carl  J.  Hoffman _ LBA 

3.  Solls/Geology _ William  S.  Zolno _ GZA 

4.  General  Features _ Peter  B.  Dyson _ LBA 

5 .  General  Features _ Pasquale  E,  Corsettl _ LBA 

6. ^ _ _ _ 

7.  _ 

8.  _ _ _ 

9. _ _ 

10. _ 


LBA  >  Louis  Berger  &  Associates,  Inc. 
GZA  -  Goldberg-Zolno  &  Associates,  Inc. 


A-1 


PERIODIC  INSPECTION  CHECKLIST 


PROJECT  LINWOOD  POND  DAM _  DATE  17  April  1980 

PROJECT  FEATURE  Earth  Embankment _  NAME _ 

DISCIPLINE  Soils/Geology _  NAME  William  S.  Zolno 


AREA  EVALUATED _ CONDITIONS 


DAM  EMBANKMENT 


Crest  Elevation  270.3 

Current  Pool  Elevation  266.6 

Maximum  Impoundment  to  Date  Unknown 

Surface  Cracks  None 

Pavement  Condition  N/A 

Movement  or  Settlement  of  Crest  None 


Lateral  Movement 


None 


Vertical  Alglnment 


Good 


Horizontal  Alignment 

Condition  at  Abutment  and  at 
Concrete  Structures 


Good 

Right  Abutment:  Seepage  into  gravel  pit,  erosion 
on  upstream  slope  near  low  level  outlet  and  on 
both  slopes  right  of  right  training  wall. 


Indications  of  Movement  of  None 

Structural  Items  on  Slopes 


Trespassing  on  Slopes 


Tree  growth  on  both  slopes  of  right  embankment. 


Sloughing  or  Erosion  of  Slopes 
or  Abutments 


Erosion  on  upstream  slope  near  low  level  outlet 
and  on  both  slopes  right  of  right  training  wall. 


Rock  Slope  Protection  - 
Riprap  Failures 


Small  size  rock  cobbles  on  upstream  face  - 
no  failures. 


Unusual  Movement  or  Cracking 
at  or  near  Toes 

Unusual  Embankment  or 
Downstream  Seepage 


None  visible 

50  ft.  X  10  ft.  area  along  toe  of  downstream  slope 
of  right  embankment  about  50  ft.  right  of  right 
training  wall  is  wet. 


Piping  or  Bolls 


Seeps  appear  clear 


Foundation  Drainage  Features  None 


Toe  Drains 


None 


Instrumentation  System  None 

A-2 


PERIODIC  INSPECTION  CHECKLIST 


PROJECT  LINWOOD  POND  DAM _  DATE  17  April  1980 

PROJECT  FEATURE  Linwood  Avenue  Dike _  NAME _ 

DISCIPLINE  Soils/Geology _  NAME  William  S.  Zoino 


AREA  EVALUATED _  CONDITIONS 


DIKE  EMBANKMENT 

Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at 
Concrete  Structures 

Indications  of  Movement  of 
Structural  Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes 
or  Abutments 

Rock  Slop  Protection  - 
Riprap  Failures 

Unusual  Movement  or  Cracking 
at  or  near  Toes 

Unusual  Embankment  or 
Downstream  Seepage 

Piping  or  Boils 

Foundation  Drainage  Features 

Toe  Drains 

Instrumentation  System 


Varies  270.8  to  271.1 
266.6 
Unknown 
None 
Good 
None 
None 
Good 
Good 

Abandoned  gate  structure  in  poor 
condition. 

Heavy  brush  and  tree  growth  on 
upstream  slope 

N/A 

None 

Upstream  slope  not  visible  due  to 
heavy  brush  and  tree  growth. 

None 

None  evident 

None  evident 
None  evident 
None  evident 
None  evident 


F/T 


PERIODIC  INSPECTION  CHECKLIST 


PROJECT 


LINWOOD  POND  DAM 


DATE  17  April  1980 


PROJECT  FEATURE  Low 


DISCIPLINE  Hydraulics/Structures 


NAME  Carl  J.  Hoffman 


AREA  EVALUATED 


CONDITIONS 


OUTLET  WORKS  -  OUTLET  STRUCTURE  AND 
OUTLET  CHANNEL 


General  Condition  of  Concrete 


Closed  Masonry  Structure 


Rust  or  Staining 
Spalling 


Erosion  or  Cavitation 


Visible  Reinforcing 

Any  Seepage  or  Efflorescence 


Condition  at  Joints 


Not  observed 


Drain  Holes 


Channel 


Outlets  in  left  training  wall 


Loose  Rock  or  Trees  Overhanging 
Channel 


Channel  enclosed 


Condition  of  Discharge  Channel 


PERIODIC  INSPECTION  CHECKLIST 


PROJECT  LINWOOD  POND  DAM _  DATE  17  April  1980 


PROJECT  FEATURE  Spillway  _ _  NAME _ 

DISCIPLINE  Hydraulics/Structures _ NAI-IE  Carl  J.  Hoffman 


AREA  EVALUATED  CONDITIONS 


OUTLET  WORKS  -  SPILLWAY  WEIR.  APPROACH 
A.\D  DISCHARGE  CHANNELS 


a.  Approach  Channel 

General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Approach  Channel 

b.  Weir  and  Training  Walls 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Any  Visible  Reinforcing 
Any  Seepage  or  Efflorescence 
Drain  Holes 

c.  Discharge  Channel 

General  Condition 


Man-made  pond 

N/A 

N/A 

N/A 

N/A 


Timber  weir  sill,  appeared  good.  Training  walls 
constructed  of  stone  masonry. 

N/A 

N/A 

N/A 

N/A 

None  observed 

Fair 


Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Channel 
Other  Obstructions 


No 

No 

Loose  boulders  and  debris 
None 


Mortar  missing  from  rubble  masonry  spillway  training  walls. 


PERIODIC  INSPECTION  CHECKLIST 


V  I 


PROJECT:  LINWOOD  POND  DAM  OATE:  17  April  1980 


AREA  EVALUATED 


CONDITIONS 


Outlet  Works  -  Intake  Channel  and  N/A 

Intake  Structure 

Outlet  Works  -  Control  Tower  M/A 

Outlet  Works  -  Transition  and  N/A 

Conduit 

Outlet  Works  -  Service  Bridge  N/A 


A-6 


p/ 


E!  4  17  ao 

£/ 


Crest  £/  Z70.5 


EJ  2G2  S 


^  y^n  1  - - - — - 

^ Oi/mpec/  gran/  le  bJock  apron 
,y^  y  ^  o,^erEed.EJ  253 1 

/  r>  ^ — 


SECT /ON  TNTiU  SP/LLINAV 


P  OAM 


afpeno/x  a 

PAGE  B  / 


I 


ct  tr  o 


(c:7)  :s4-c::ji 


m—J  J  ^  -1  >/ 


WT, 


^  J  ✓ 


cs::^ 
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March  20,  157^} 


l^-acarc-ent  o:'  Public  Works 
103  Belnionc  St. 

■.’orcascar,  "a.  OloCl 

j^.ctencion:  Mr.  John  J.  Lyon 

Dear  Mr.  Lyon: 

V/e  are  the  nev;  ov.-ners  of  the  building  located  at  666  Linv.'ocd 
Avenue  in  Linwood,  Mass.,  formerly  ovmed  by  the  Stylon  Corporation 
and  the  V/hiti.n  Machine  ’Works.  The  last  plotting  of  this  property 
v:as  completed  in  December  1962  and  is  recorded  in  the  Plan  Book  . 

137  -  ?ian  71  entitled  Raytheon  Mfg.,  Co..,  Linv^ood  .Mills  etc. 

'We  request  the  advice  and  authority  of  your  office  to  make 
han.ges  which  are  necessary  for  the  present  operation  of  this 
uilding  and  concerns  the  v/ater  knov;n  as  Linv/ood  Pond  which  supplied 
he  source  of  power  at  one  time. 

It  is  fairly  imperative  to  the  effecient  use  of  this  building 
that  the  v;ater  running  directly  underneath  and  through  our  property 
be  elimi.nated.  We  are  equipped  to  do  this,  however  it  will  mean 
the  lo'.vering  of  the  pond  very  temporally  to  close  the  gates  supplying 
the  water. 

Although  this  is  not  a  large  project  v;e  will  not  proceed  until 
advised  as  the  local  offices  suggested  our  Inquiry  from  yourself. 

Thanking  you  for  your  attention  to  this  matter,  we  are, 

\ 

Very  ^ru-i-y.^y,ours , 
LUSIGMA^RE-'.LTY  TRUST 

Paul  Lusignan  j 

o-  'J 
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DISTRICT  #3  OFFICE 
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,_  April  9,  197I1 
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Malcolia  E,  Graf  . — . . - - - .J™ _ 1 

Associate  Gotnnissioner 
Division  of  V/aterways 
100  Nashua  Street 
Boston,  Massachusetts  0211i|. 

RE:  Lusif^an  Realty  Trust 

Dear  Sir; 


In  response  to  the  attached  letter  District  Dans  and  Reservoir 
Engineer,  Thonas  Poi^fers  visited  the  Lusignan  Textile  facility  loca¬ 
ted  in  the  Linv/ood  Building  at  666  Linv/ood  Avenue,  Linwood  (North- 
bridge),  Massachusetts  on  Monday  April  1,  197ii. 


At  that  time  !ir.  Paul  Lusignan  told  Hr.  Povrers,  that  in  order 
to  utilize  the  building  more  fully  he  v/ished  to  close  permanently 
the  inlet  to  the  old  mill  head  race,  shown  in  red  on  the  attached 
plan,  thereby  cutting  off  the  flow  of  water  from  the  pond  through 
the  building. 

On  site  inspection  by  Mr.  Powers  revealed  the  following 
pertinent  facts: 


1,  The  head  race  has  been  buried  by  erosion  and  eutrifi- 
cation  to  within  one  foot  more  or  less  of  the  current 
water  level  in  the  pond. 

2.  At  present  water  is  seeping  through  and/or  around  the 
gate  flooring  under  the  road  and  th^’ough  the  building 
into  the  tail  race.  All  seepage  through  the  gate  is 
carried  in  an  8”  -  IC”  pipe  which  Hr,  Lusignan  reports 
flows  full  at  all  times. 


3. 


There  is  an  10*  x  8»  (approx.)  concrete  box  culvert  (see 
attached  plan)  which  acts  as  an  ecrualizer  between  the  tx^rc 


sections  of  the  pond. 
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Copy  avoSloblo  to  DTIC  does  n< 
pennit  fully  legible  reproduction 
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RE:  Lusignan  Realty  Trust 


L,  The  water  level  in  both  sections  of  the  pond  is  con¬ 
trolled  by  gates  on  the  dan  behind  the  Linwood  Build¬ 
ing  and  on  the  pronerty  of  the  Lusignan  Realty  Trust 
(See  Plan). 

In  view  of  the  fact  that  the  head  race  gate  presently  affords 
no  effective  additional  outlet  capacity  and  that  the  existing  box 
culvert  provides  ample  waterway  area  to  maintain  equal  water  levels 
in  both  sections  of  the  pond,  it  is  my  opinion  that  the  proposed 
project  would  cause  no  hazard  to  the  public  safety  or  to  private 
property* 


Very  truly  yours. 


TP/me j 
Enclosure 


/-JCHIT  J.  LYORS', 

■V  DI3THI CT'-KI  GHVwvY  ENGIITEER 
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Mr.  Jams  StoUa 

Sorttabzldga  ConaarvatlDa  CowBdaalan 
6  Ovarloolc  Straat 

WhltlnavUlat  Kasaadmaatta  01588 
Dear  Mr.  StoUat 

Raforanea  is  mada  to  joar  talcphona  conTarsation  vith  Mr.  John  Plaaaegiy 
of  this  offlea  ragarding  tha  taqporazy  drawdoici  of  Idnuood  Pond  by  tha 
Laalgnan  Haaltjr  Txnat. 

Baelosad  ara  ooplas  of  tha  corraapondenea  yoa'va  raqaaatad  partalnlng  to 
thia  aattar. 
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Tazy  tznljr  joara* 


PRED.  C.  XHWOM,  P.S. 
Oapaty  Chiaf  Tftnlnaar 
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COUNTY  OF  WORG£ST£R  MASSACHUSETTS 

COUNTY  ENGINEER 

Inspeetioii  oi  Dams,  Reaerroir  Dams,  and  Reservoira. 

iTispeeted  by . .  Date  .7.T®.t87. .  Dam  No...5.§r^|3 . 

Town. . . Mor  tJxbr Id^.  .‘tT. . Location . IKm...  TilnWQOd . . . 

Owner. . .W^tto..Br08«...Ino  . Use . . 

Material  and  Type . 

Dam  Designed  by . Constructed  by . .Q;?. Biiuach^d  Year . A®.®§..T.. 

SPILLWAY  LENGTH  110-120+-*^ 

EL  top  Abutment..i.Q.^.f.§.‘r:T....El.  Cre8t....i!*.9.Q..!!^ . EL  Apron. . El.  Stieambed...94.«fi...^'.... 

Width  top  Abutment..^.®  ....‘TT. . Width  top  Crest.?:.^....*^ . VHdth  bottom  Spillway.^."^.....‘rr. . 

Width  Flashboaids  carried. . . Kind  Flashboards . 

El.  Flowline  Cleanout  Pipe . Siae  and  Kind  Cleanout  Pipe . 

Kind  of  Foundation  under  Spillway . 

Condition . 


EMBANKMENT  LENGTH  630+-'^ 

H.  Top . 194.5 . El.  Natural  Ground . . Width  Top...l.§...t: . 

Width  of  Bottom... . Upstream  Slope . Downstream  Slope 

Kind  of  Corewall . ^ . Riprap . 

Material  in  Embankment . . Foundation. . 

Condition . S.9?4. . 


GATES . . 

T.>w..tinnOle«nout  north  spUlmiT 

Siae . .SxS+.r.  . Kind . 

. .  ..El.  Flowline .  .  . . . 

WHEEL . . Kind....??.lj.9)5®...^. . 

. Sise....4@^r53  . Rated  H.  . 

Location . 

Evidence  of  Leaks  in  Structure . 

. Ave.  Head . /.2...T . 

Recent  Reniura  and  Da4S07  aeW  -PlftOlC.  and  .beaiBS^^^ _ _ 

Topography  of  Country  below  Dam . Flftb.r.. 

sr 

aXlKhtPiT  rolling  on  eah  side  atroaai  bed 

Nature  of  Buildings  and  Roads  below  Dam.....U.QI^9...^^^9A^#.$.^X..^.9.?r.QW. 


Drainage  Ana  m  Squan  Miles. 


Number  Acres  in  Pond . 

Discharge  in  Second  Feet  per  Square  Mile 
Estimated  Storage  MUlkm  Cubic  Feet . 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

COUNTY  ENGINIBR 

Inspection  of  Dams,  Resenroir  Dams,  and  Reservoirs. 

dot.  l©/ 

Inspected  by . L«.0«]lftJf.d6n .  Date...Qott*2fi«JL928..  Dam  No....3&r03.» . 


Town . . Location . Ltowpod,. 

Owner . IhlJjlo  Brps  ,  j,Inc., . Uj, . 

Material  and  Type . 


Dam  Designed  by . Constmeted  by . Year . 

SPILLWAY 

El.  top  Abutment . EL  Crest . EL  Apron. . El.  Streambed. 

Width  top  Abutment . Width  top  Crest . Width  bottom  SpQhray . 

Width  Flashboards  carried . Kind  Ftashboarda . 

El.  Flowline  Cleanout  Pipe . Siae  and  Kind  Cleanout  Pipe . 

Kind  of  Foundation  under  Spillway . 

Condition . S9.9A* . 


EMBANKMENT 

El.  Top . EL  Natural  Ground . Width  Top . 

Width  of  Bottom . Upstream  Slope . Downstream  Slope 

Kind  of  Corewall . Riprap . 

Material  in  Embankment . Foundation . 

Condition . ®0Q  A* . 


GATES . Location . 

Siae . Kind . El.  Flowline. 

Condition . gQPA.a . 


WHEEL . Kind . Siae . Rated  H.  P. 

Location . Ave.  Head . 

Evidence  of  Leaks  in  Structure . AOQjQ . 


Recent  Repairs  and  Date . AQUA 

Topt^aphy  of  Country  below  Dam . 


Nature  of  Buildings  and  Roads  below  Dam 


Drainage  Area  in  Square  Miles. 


Number  Acres  in  Pond . 

Discharge  in  Second  Feet  per  Square  Mile 
Estimated  Storage  Million  Cubic  Feet . 
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COUNTY  OF  WORCESTER  MASSACHUSETTS 

COUNTY  ENGINEER 

Inspection  of  Dams,  Raserroir  Dams,  and  Baserroirs. 


Inspected  by . .  Date...)JilU?....i.'?j,i^j!l.?  Dam 


Town . . 

Owner.. 

Material  and  Type . 


. Location. . 

&  Cptt^giP  . 


Dam  Designed  by . Constructed  by. . Tear . 

SPILLWAY— Length . Feet.  Depth . Feet 

El.  top  Abutment . El.  Crest . El.  Apron. . El.  Streambed . . 

Width  top  Abutment . Width  top  Crest . Width  bottom  Spillway . . . . 

Mdth  Flashboards  carried . . . Kind  Flashboaids.-- . . . 

El.  Flowline  Cleanout  Pipe . Sias  and  Kind  Qeaaont  Pipe. . . . . . 

XSnd  of  Foundation  under  Spillway . 

Condition . Q.K, . .South. .4feotBentr.sh.og.J.4.J^  . 


EMBANKMENT — Length  overall . Feet 

El.  Top . El.  Natural  Ground . Width  Top . . 

% 

Width  of  Bottom . Upstream  Slope . . . Downstream  Slope . - . . . 

Kind  of  Corewall . Riprap . . . 

Material  in  Embankment . Foundation . 

Condition . .^!f?.y.7.b...e.!!3b.anJs.nieT.t....3hou.J.d  ..have  ..b;rv..sh...cu.t....and...r..qo5^^^^ 


GATES . .C.-.h.- . ^.Location . 

Sise . Kind . . EL  FlowUne..... 

Condition . . . . . — 


WHEEL . Kind . Sise . Bated  H.  P. 

Location . Are.  Head..- . 

Evidence  of  Leaks  in  Structure . . . . 


Recent  Repairs  and  Date . Sone.. 

Topography  of  Country  below  Dam . 


Nature  of  Buildings  and  Roads  below  Dam.. 


Number  of  Acres  in  Pond . Drainace  Area  in  Square  Miles . 

Discharge  in  Second  Feet  per  Square  Mile. . . - .  . 

Estimated  Stonge  Million  Cutue  Feet...~ . . . . . . . . . 

/  ' 


'/■i 


7/ORCESTER  COUNTY  ENGIiJEER 
Inspection  of  Dams,  Reservoir  Dams,  and  Reservoirs 

Inspected  by  L.H.  Spofford _ Date  iC>-lQ»aa  Dam  No . 


Town 


Nott.bbPldee 


Ownpr 


Location 


Use 


.Pftlig 


embankment"  z  4*6”  cemented  masonx^v  side  walla* 

SPILLWAY  atone  front  wall  with  tlmbe^  breast  beam  ^ 

El .  top  Abutment _ ^El .  Crest _ El.  Apr  on  El .  St  .Bed _ 

■.Vldth  top  Abut. _ Width  top  Crest _ Width  bottom  Sp.way _ 

Width 


El. Flowline  Cleanout  Pipe_ 


earned  away 
_Size  and  Kind  Pipe 


Kind  of  Foundation  under  Spillway _ 

Condi tl on  Good-  apparently  the  emKanTrwftnfc  tvy  j*  n— T 1 

_ amount  (5  or  6  In.) _ _ 


FtraA!Jiani:NT 

Ei.Top _ ^El.Natur-.l  Ground _ ^Wldth  Top _ 

Width  of  Bottom _ ^Upstream  Slope _ Downstream  Slope _ 

Kind  of  Corewall _ ; _ ^Riprap _ 

Uaterlal  in  Embankment _ Foundation _ 

Condition  Good  conditinn  -  wan  at  east,  nv  damagn 

from  being  topped.  Some  brtiah  yrnwing  m  t-r>p  ai-.  «<»»»■  anA  «■*._  T<-KA*.*-y 

aaya  this  win  be  cut. at  once. - 

^Algs^  large  gate  operated  bv  laad°*y<?3ation _ 

Si  ze _ ^Kind _ ^E1 .  FI  owl  ine _ 

Condition _ _ _ 


Evidence  of  Leaks  in  Structure 


Recent  Repairs  and  Date 


Number  Acres  in  Pond _ Drainage  Area  in  Sq.lliles, 

Discharge  in  Second  Feet  per  Square  Mile 
Estimated  Storage  Million  Cubic  Feet 
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COUNTY  OF  WORCESTER  MASSACHUSETTS 

COUNTY  ENGINEER 

Inspection  of  Dams,  Reservoir  Dams,  and  Reservoirs. 


Inspected  by _ ■B.»P.»i3jL»Joha _ Date.._3r.27-193.9.r..  Dam  No. _ SScDi 

Town - ^ar.th.'bjidga . ^-Location . . . 

Own«r . . . Use. . 

Material  and  Type - jnftaaiu.fld  jutlosa  gen  tlnn  ,  _ 

Dam  Oeeismed  by . Constructed  by— . Year._ . 

SPILLWAY 

EL  top  Abutment. . El.  Crest . _E1.  Apron. . . EL  Streambed _ 

Width  top  Abutment . Width  top  Crest _ Width  bottom  Spillway . . 

Width  Flaahboards  carried . . . Kind  Flashboards . . 

EL  Flowline  Cleanout  Pipe . Size  and  Kind  Cleanout  Pipe . 

Kind  of  Foundation  under  Spillway . . 

Condition . . 

EMBANKMENT 

EL  Top. . El.  Natural  Ground . . Width  Top . 

Width  of  Bottom . Upstream  Slope. _ _ Downstream  Slope . . 

Kind  of  CorewaQ . . . — . . . Riprap . 

Material  in  Embankment _ Foundation . 

Condition . . . . . . . _... 


Recent  Repairs  and  Date . 

Topography  of  Country  below  Dam, 


Nature  of  Buildings  and  Roads  below  Dam . . . . . 

Number  Acres  in  Pond . Drainage  Area  in  Square  Miles. 

Discharge  in  Second  Feet  per  Square  Mile . . . . 

Estimated  Storage  Million  Cubic  Feet . . . 

V\S 


,  ^  • 

WORCESTER  COUNTY  ENGINEER 
Inspection  of  Dams,  Reservoir  Dams,  and  Reservoirs 

Inspected  by  _ ^Date_|^M42CO__Dam  No. 


To7m 


Qvmer 


Location 


SPILUYAY 
El. top  abutment 


El .  top  abutment _ ^Ei . Crest _ ^E1 . Apron _ ^E1  .St .Bed_ 

Width  top  Abut. _ Width  top  Crest _ Width  bottom  Sp.way _ 

Width  fiashboards _ ^Kind  Flashboards _ 

El. Flowline  Cleanout  Pipe _ jgize  and  Kind  Pipe _ 

Kind  of  Foundation  xinder  Spillway _ _ 

Condition  ^ _ _ 


El .  Top 

Width  of  Borrom__ 
Kind  of  Corewall 


_E1. Natural  Ground_ _ 

_ Upstream  Slope 


Material  in  Embankment, 
Condition 


_ ^V/idth  To? _ 

_ ^Downstream  Slope, 

_ JRiprap _ 

Found  at i on _ 


GATES 

Size _ 

Condition 


Kind 


Location 


El. Flowline 


Evidence  of  ueaks  in  Structure 


Recent  Repairs  and  Date, 


Number  Acres  in  Pond _ ^Drainage  Area  in  Sq.  Miles, 

Discharge  in  Second  Feet  per  Square  Mile _ 

Estimated  Storage  llillion  Cubic  Feet _ 


^-\(o 


WORCESTER  COUNTY  FNGIIJEER 
Inspection  of  Dams,  Reservoir  Dams,  and  Reservoirs 

Inspected  by  W  M  f*" _ Date  Para  No. 


Tot-ti - IniigleLfci 


Location 


l  r. 


Ovmer 


Use 


SPILUVAY 

El .  top  abutment _ ^Ei .  Crest _ El .  Apron _ ^E1 .  £ t  .Bed, 

Width  top  Abut. _ Width  top  Crest  Width  bottom  Ep.way _ 

Width  flashboards _ ^Kind  Flashboards _ 

El. Flowline  Cleanout  Pipe _ ,<Bize  and  Kind  Pipe _ 


iClnd  of  Foundation  under  Spillway_ 
Condition 


F?.-P&NK-:JTi:NT 

Eu..  Top _ El. Natural  Ground _ 

Width  of  Borrom _ Upstream  Slope, 

Kind  of  Core^fRll _ 

Material  in  Embankment _ 

Condition _ _ _ 


_ Width  To? _ 

Downstream  Slope. 
_ Riprap 

Foxindation _ 


GATES _ Location _ 

Size _ ^Kind _ ^Ei .  Plowline 

Condition _ 


Evidence  of  i^eaks  in  Structure 


Recent  Repairs  and  Date. 


N^onber  Acres  in  Pond _ ^Drainage  Area  in  Sq.  Miles, 

Discharge  in  Second  Feet  per  Square  Mile _ 

Estimated  Storage  Million  Cubic  Feet 


TOWN. 


UO  CATION 


VirJMMf _ 


OAM  NO. 


■TNCAM- 


WORCESTER  COUNTY  ENGINEERING  DEPARTMENT 

waRcesTCR.  Massachusetts 

DAM  INSPECTION  REPORT 


EMBANKMENT 

RCCCNT  RCFAIRS  . 

CONDITION  . 

RCRAIRS  NCCOeO  .  . 


. 

..S.. 


OATEB 


RCCCNT  RCRAIRS 

CONDITION . . 

RCRAIRS  NCCDCO 


>  P 


LEAKB 

HOW  SCRIOUS 


DATE 


. oouNirr  CMRiNttii 


/ 


TDWN- 


LOBATION. 


DAM  NO. 


amcAM. 


OWNED  BY 


IWaNECTED  BY 


TYPE  OF  DAM 


■PILLWAY 


WORCESTER  COUNTY  ENGINEERING  DEPARTMENT 

WORCESTER.  MASSACHUSETTS 

DAM  INSPECTIDN  REPORT 

. — .  PLACE _ ^ . . USE . 

PBY  W  _ ilZlhl . . . . 

AM _  _ . _ _ _ - . -  CONDITION . 


FLABHaOAROB  IN  PLACE.. 


CONDITION 


REPAIRB  NEEDED 


EMBANKMENT 


RECENT  REPAIRB 


CONDITION 


. Qinff.. 

"iUwH,.... 


I . 

. &<r^.... 


REPAIRB  NEEDED  . . 


-RECENT  REPAIRB.. 


RECENT  REPAIRS 


CONDITION  ...„ 


REPAIRS  NEEDED 


LEAKE 


HOW  SERIOUS 


loll,  bgiUe  i«>IO<i»cl»» 


COUNTY  KNOIK 


DAM  INSPCCnON  REPORT 


■PILLWAY 


rLASHBOAROa  IN  PLACE. 

CONDITION  . . 

REPAIRS  NEEOCO  . . . — . - . - . . 


-RECENT  REPAIRS.. 


EMBANKMKNT 

RECENT  REPAIRS 

CONDITION  . . 

REPAIRS  NEEDED 


// ay^z 


■at— 

RECENT  REPAIRS 

CONDITION _ 


REPAIRS  NEEDED  _ 


LKAKP 

HOW  SERIOUS 


DATE _ 


eOUNTV  INSINSER 


\S-2l 


/ 


t 


XLmrii 


DAM  MO, 


How  Serious 


town  _  DAM  NO. 

I'OCATION  _  STREAM  Lin  hi*  *  ^  /UiJ/-  T>0^ 

WORCESTER  COUNTY  ENOINEERINO  DEPARTMENT 
WORCESTER,  MASSACHDSETTS 

DAM  inspection'  REPORT 


Owned  by  KAt^  A/*,^  ,rPlaoe  Use 

Inspected  by  g.  ?.  Date 

Type  Dam  Oondltlon  ^ 


sr.IU'W  afk/-  /fcr  f:/t^ 

Plashboarda  In  Place  hanf  Recent  Repairs  k/^m^ 

Condition  _ 

Repalrs  Needed 


EMPANKMENT 

Recent  Repairs  __ 

Condition 

Repairs  Needed 

^‘TE3 

..-roent  Repairs 

«.  s  adit  ion 

Gin4  _  _ 

Repairs  Needed 

_ _ _ _ _ 

LEAKS 

How  Serious  _ I^^£/ _ 

DATE:  le^U 


County  Engineer 


^-23 


WORCESTER  COUmT  EmiEEERIEQ  DEPARTMENT 
WORCESTER,  MASSAC 3JSETTS 

DAM  INSPECTION  REPORT 


Insoaotad  by  l.o.  u. 

Date  A^,jJ  r./9C-2~ 

Typa  of  Dam  . _ 

Condition 

8PILEWAI 

Plaahboarda  In 

Place  PJefK 

Recant  Ranalra  , , 

Condition 

Rapalra  Naadad 

e  rej/" 

% 

EMBANKMENT 

Reoent  Rapalra 

a>  -  hft  bruj  k 

Condition 

Rapalra  Naadad 

OATES 

Recant  Rapalra 

A/0«er 

Condition 

Rapalra  Naadad 

Alofi^ 

LEAKS 

How  Sarioua  /%/■/• 


DATE: 


n)  OJJI*: 


CountT  Engineer 


f'i!  '  .. 

j 


*<*'»  f- _  MM  KO.  /■ 

MCATICT  SI.  ,  i).^  «TRB.I.  _ 

WORCESTER  COUIJTI  EROIREERUIO  DEPARTMERT 
WORCESTER,  MASSAC HCSETTS 

SA2S  IfiSPECTioK  report 

Owned  by  Af^cLjMOL  Q  Place  rtt)/,-.  Use 

Inspected  by  3^  Zsju _ Date  r> ^  7^ 

Type  of  Daa _ _ _ Condition _ 

SPILLWAY 

Plashboards  In  PLace  *  ^/atA  Recent  Repairs 

Condition  _ CS££L _ _ _ 

Repairs  Reeded  a/^  tuemJ »J 


EMBAREMElfP  ' 
Recent  Repairs 
Condition  ______ 

Repairs  Needed 


GATES 

Recent  Repairs 
Condition  ______ 

Repairs  Needed 


LEAKS 

How  Serious 


Date 


County  Engineer 


TOWN 


DAM  NO. 


LOCATION  STREAM  ^ 

y:-..^j*."  2^:,  ' 

WORCESTER  COUNTY  ENGINEERING  DEPARTMENT 
WORCESTER,  MASSACHUSETTS 

SAJI  inspection  REP0R£ 

Ownod  fey  Plftc®  Us0 

Inapeeted  fey  Date  jj-  rr^j 

Type  OT  Dasi  CODditlOtt 

SPILLWAY 

Plaahfeoarda  In  Place  .  v^  Recent  Repairs 

Condition  ./>«>«<  jj^y-'  ■«-■ 

Repairs  Needed 


E^fBANKMEtnr 
Recent  Repairs 
Condition  -r_. , 

Repairs  Needed 


C-A'^ES 


Recent  Repairs  n.  ^ 

Contiltlon  r^<>  t-rCf--  ,— 

Repairs  Needed  ^  ^  <»r- >--■«  ^  <fe---^/__ 

2^-  - - A^.-"- i.  £.Mm  .r>f^-  */y^€^ 


leaks 

How  Serious 

DATE:  _ 


/- 

/ 


Sl-SSfS5-"‘ 


County  Engineer 


B-a<b 


J^^ 


/ 


I 


kiilMtiAVA 


TOWN  />.  w-  A  '  '  /  '  w 


QAM  NO. 


LOCATION 


WORCESTER  COUNT/  ENGINEERING  DEPARTMENT 
WORCESTER,  MASSACHUSETTS 

DAM  I  N  S  P  E  C  T.  I  .O.  W  R  E  P  Q  R  1 


Owned  bv 
Inspected  by_ 


_Place_ 


Date. 


/  pC 


Tt'rpe  of  Dam. 


Condi tior 


t  J 

Plaahboards  in  Place 


.Recent  Repairs. 


Condition. 


Repairs  Needed 


Recent  Retire. 


Condition 


Repairs  Needed 


SdW. 


Recent  Rex>airs 


Condition 


Repairs  Needed 


L2AX3 


How  Serious. 


DATE) 


....  I  P  ^- 


(b*27 


County  Engineer 


I 


Appeadlx  C 
Pho cographs 


i  i  \  l.l 


I 


I 


i 


L /,\lWOi 


L/NWOOD  PONL 


LOU  S  ft  ASSOC  , INC  luS  ARMV  ENGINEER  Oiv  \t  *•  ESGLANO 


*vt  .  ESlEY, 

AR:»r|T£CT  ■' 


MASS 
£>^ginefr 


CORPS  OF  FNGiREfHS 
waltham.ma:,^ 


NATIONAL  PROGRAM  OF  INSPECTION  OF  NON-FED.  DAMS 

LINWOOD  POND  DAM  P4- 

SKETCH  PLAN  SHOWING  LOCATION  & 
ORIENTATION  OF  PHOTOS 


scale  NlBBiHrALE 

daTe  ^ 

APPEkj'DJX  C  PHOrOE 
OVERVIEW  PHOTO 


ONO  DAM 


APRBNDtX  C 
RAGE  C'/ 


LINWOOD  POND  DAM 


3.  Upstream  slope  of  left 
embankment  and  low  level 
outlet  control  mechanism. 


C-3 


"7 


Crest  and  upstream  slope  of  Linwood  Avenue  Dike 


V-  ‘ 


View  of  gravel  pit  and  downstream  slope  of 
right  reservoir  rim  embankment. 


LINWOOD  POND  DAM 


7.  Crest  and  downstream  slope  of  right  reservoir  rim. 


8.  Seepage  at  downstream  toe  of 
right  reservoir  rim  embankment. 


C-5 


[tlire 


[•KtiMW 


L INWOOD  POND  DAM 


14. 


Debris  immediately  downstream  of  spillway  crest 


C-8 


BV 

....  3-27-3=  LOUIS  BERGER  i  ASSOCIATES  INC. 

SHEET  no.,..L _ or - 

r»ATP  '^H*5?’£v:7A 

CS=  i^AT.'. 

PROJECT..Yl.-;.12:a _ 

L  '  N.  >J  ■'ies  1^  >■'  - •- ■  ■;,  A  .'■•'■■. 

\4  if  4" 

A'.,  -i  .A. 

\ 

'w'  ^  1  B.-  .. 

«  ..  . 

\  '  yfsor:::. 

Ae.e4> 
ik  1 

4^  2.  34  .74 
a  it  \  S-SS 

^  2- 
.1  «  .;r_ 

.*>£  •  1.7 

34.74. 

Amc  2\, A-nH* 

3l.4<i. 

31 .52 

Ac^EA 

4k2 

^sA'c  ^2  ^^s>.'3q 
"  ^  \  6s.qq 

ik'i 

!>  *2 

68.30 

^a•sq 

As/z  49Tc^s5r 

4S.7I 

A«.S4 

^?SA^C!  ii  2.  '33  ,72. 
it  \  es  cft 

"SsAt;  3fc3 

*'  q  ^ 

79.30 

33.72 

Avs  4?:4ai 

45.64. 

45.5a 

Ac.?& 

4u4 

^KkZ  ik2  73,3® 

"  it  \  44. aa 

^TCAC  43 
"  4  2 

\C\.77 
73  .3-0 

Ams-  2a,4sr 

aft.  50 

.47 

OxrOTS.'C  \;S4.CCC 

Ab.s:a  4i  2,  44 -ST  ^«As:ik3  64.0® 

4k  \  “  4t  \  24.55  "  44.57  AnJC  V=i.7<i^ 

^‘=^.a2,  ^^.7\ 

ActA  *^2  7o.4a  '^ea-dA*  79.4(i  A'Je 

2  *'  ^  ^  <^^‘37  ■'  Jk2.  70.6g» 

q.-^j  q.^s" 


V/oECUe^TEts-  "So  ^  ’’  ^  ^ 


*^2  4z..g>S 
«  U  \  3ft.es 
3.-T7 


'»  n  2 


4^'4o 

373 


Avie  3  7<i, 


„  e^dBobl.  » 


0-f 


.Yj5.E2_.D*TE.5.:37-ao  LOUIS  BEMEII  i  ASSOCIATES  INC. 

CHKO.  BY _ DATE _ _ - 

SUBJECT _ _ .«  ilJa: - 


SHEET  _ -^^- 

PROJECT _ 


*^A'N<C.'!3  “  A  " 

■  '•  ■*'HP* 

'.iAtS’TOf  ' 

’C.sAi.  -&  2. 

12‘ei-u-  it  i 

\34oa 

AsE  22'  'I 

1 

VI  i»  \ 

"  A  a 

22.  \e 

22.  \0 

Aclca 

5s.^a 

‘C’sA^  i*  H 

a\  04- 

A  5  "72,0.^ 

■i2 

A  ik.  \ 

24 .41 

u  A  2 

S2.^^ 

*  4  43. a"? 

2a.3*7 

2eoCe 

23.22. 

OCA\MAc£»’E  \8>^.OS 

So.-2)4«  Co.  ^S5<i>S  -  7-S34. 

+  MAHct^Ao<&  ^o»0ks:>  TD  A'  <c,<<>d 

-V  VJmTlAi  'Kh’SEC.VO'Js-  "^'4'  _ S  \ 

50.'35'7 


^EE>epa.MOA«.  ’Sjucj.siAcff  ^  'Ewsrv  26<23 


*77. 3  S 

-77.33 

vv  A  \  _ 

74.  SSL 

3i.2  17. 3\ 

0.4R 

0.57 

O 

*-  o 

O.SZ(^^\SZ)^  43 'T 

0)  f? 

Q  “ 

A(^SA.  3  £ucv 

210 

^  f 

^CAO  ii  a 

'iq.o^ 

^KA»Cl^^AS  ■7*^.S7 

'"a  ^ 

MB  4^  •%r 

IV  AS 

7S.tl 

■'  A  a  79.04 

c>.83 

0.53 

A«14  ‘^'•SV 

e70  a 

C.33(^'9\.33^  *  7<4,2. 

Acctes 

f 

I 


.v.SEB._D.TE*r.27-e.o  lOUIS  BERGER  i  ASSOCIATES  INC. 

CHICO.  BY - - DATE _ _ 

SUBJECT V  T M  'AJ OOXg  V^a^; ^4i.^■^ _ 


SHEET  NO..I^ _ OF  . 

PROJECT._’W_-_\3.‘Si. 


.  A'SEA  <2. 

2 -So 

1 

^  ^Ac  2 

:  X. 

j  M  ii  \ 

S4.-73 

az.ss 

3t  3 
n  ^  \ 

a^.sa 

s4.-7a 

-ii  4. 

4.  2 

sa.aci 

a-i  «-7 

2.\S 

\,ss 

\.S2 

Aee^  Cv-SM  aso  3  N.S4  i 

I 

! 


.r  .gEa._oAT=.5-=®-  ii^ll)UIS  BER6EII  *  ASSOCIATES  INC. 

CHKD.  BY _ DATE _  — - 


SUBJECT. 


SHEET  NO...: _ OF.. 

PROJECT..^r-.'^!.^-. 


Vvloi— 


»V\<.  U 


Vo  i-  -  ‘  U  A  ^3 

Cn  /\/\ 


Vsw  ^  ■oy4a.7^(’/.^  z 


-  Ac--i.;r  - -..^r 


N«ss»raMAi.  -  3oc>  Acsi.S’-'ST- 


D.-4 


■CTON 


•0  i 


_ DATE. 

CHKD.  BY _ DATE. 


LOUIS  BERGER  &  ASSOCIATES  INC. 


SHEET  NO 
PROJECT. 


LOUIS  BERGER  &  ASSOCIATES  INC.  sheet  no..J„.„o 

CHKO.  BY _ DATE _  _  PROJECT.^J..^® 

SUBJECT L'NWOtgg.  PoNS; -a  p  hA  g  »AX P.hE^ _ 

i  SO<4  -s^iKw 

S\^%  Ci-ASi\s: 

\4  A*A.tt3  4T  ;<i>Kl  3  U»<^u 

'^NSPECTVOT'.*  T^’-s=OS  s  '/^  PbAP"  To  P’HF 

C’auCU'-A'TS  pMP  OiVMci  "  Pc:e_vM\MA5.'Y  vS'J :r 
V^cs.  ^^=)'T\MA’T';Mo  pTSOSAfeU^r 

\  KO  "X  X  ^ £*''^'i~'7'l  -rt  r\ri  ^ 

MAr<.C.'A 

lAss  KAKtM'.iM  Pa«i?-£ P--.ocsg  T^a.^. 

G  bra.vs:*  ^<A\t4T  o.k;s  wi  a  _p  V.' <••/  V*T  ■-‘' i -rsj 

A-a>C  "^'-Ar  Co^-sTAu. 

CctiiV^  • 

P'-assi.  So.^d  SG^,  M\  .'.  VAPP  c  yoo  CP--;  /"  -.  'V 
pK’P’  A  50. 4.  C,7G>c^)  a  35^500::^:i 
Va.  PMP  -  50.4  (3So^  -  \T^^OO  atg 
Mj.  PMP  i  so. 4  ^  nsA  -  3.^00  cp-s.  T’ 


By.SF.JB-....oATE.5-.2itso  LOUIS  BERGER  &  ASSOCIATES  INC. 

CHKO.  BY _ DATE _  \  P  gC  ■ _ 

SUBJECT _ LiMvJ^ox:  _ ^  ‘O C.C  A  M  Al_^ .' _ 


SHEET  NO _ 1 _ or..4 

PROJECT. _ 


As5UrA?  P&NN  VvJUKkS  V^AT^<  ” 

-  4“ '.  *?>  J-i  '2.'70>2'CT 


v::  AT  T 


S’Tea4<2,s:  ^  270,  C  ^  S*  5‘=?o  Acgr-'»=’‘r 


AsS  QWiS  UEMiiTN^k  rrcs  \5  40  Otr  EMP>OMX. 

^gS-A-  a  ^2-=^0  4.  -4^5%  -  cT-  i  VsJ 


Ueia> 

C^pt  =  VJ  N  y® 


aT  c.  270-5-  S53  i  \7. 5  T=>r  j  y< 

~4 


Qp,  =  \>(ifewyo'’^ 

^Sp\LuvM4Y  ~  2^544  CtsS 


C?i 


p,  A 


-e  5.544  i  3\r?» 


SooCjU  P'MBKi5>Ol^S  VjmT\M  Po^t> 


S  Ugv. 

A _ 

_ B _ 

w 

U 

4 

9. 

u 

L 

9 

9  . 

2S3 

o 

e 

e 

o 

o 

e 

c 

o 

25^ 

c 

e 

2 

>35a 

o 

o 

c 

1340 

2S&.S’ 

o 

o 

3.5 

3143 

o 

o 

c 

3)4C 

2S7.S 

o 

o 

4-5 

45*2 

o 

cs 

4SeQ 

vs 

\^n^ 

C> 

TOSS' 

0.75 

3^ 

S47C 

2Ci\ 

a 

^ee4o 

\.7£ 

\40 

15*^20 

2£t 

5.5 

W4. 

\o 

\sna 

2.75 

465 

2S^4c 

264 

6>S  , 

\242» 

n 

\7511 

3.25 

iss 

3oa«te 

0-S 


CopT  available  to  DTIC  does  not 
pennit  fully  legible  lepioductioii 


*1 


l/'n 


....date  3-?j.:6o  LOUIS  BERGER  &  ASSOCIATES  INC.  sheet  no 

CHKD.  BY. - DATE _  _  P»»OJBCT..'.':L;.VJ.^ _ 

SUBJECT. _ L  I  Kj  WOOC  Hi, _ _ A _ _ 


^<=>•2.  Q  i  2^,■700  -STACaS  -  2:sc4-7T;-r  V  '  VcuuMS  -  Asc  A-P 


Pec.  C;i  =  3^540  ,  C  25'Cn-^ 


VouoM.  ^  -i-  \50 

JS  Eoc  AP 


Qp-OruiAC) 


-  3^ 


7CO  (\  -  31,700 


I  •  " 


Qp-S.  a. 

*  \3>|^TO  ^  VcsuorA^  —  “35^0  AP 

-  \SO 
\i-2.  5.  \40  A5= 

VASis:  a. 

Qp-,  a  3\.-?CiO  (  \  -  -  \S^©^o  as,: 

_ ^  ggio  ^ _ 

wTA  4.24.00 

Po«.  G?  a  >'4  ^  ^•TA<2»e’  i  ^  CT* 

S-t-A  42  •'■OO  -r«»  S'Ta  \\24oO 

VallCv/  ^*Tor^4<aff  \5  A-^oOt  ‘TUF.  CAMS 


-  5-5  c- 


A'S  ^oc.  ^CA::u 


A&<.'o^'l^:  AAv^iSr  ccp'ocso 


A’T  S.AMH  UATS  45  Ko-  \ 

^CAC4  M.\  /.  i  CX'^  42.eC5  C« 

^  »  4S»00  FT  I 


3\ 

\'7C»C) 

St  A 

S4ACO 

q:?2. 

wTA 

\ )  2,  A'OCS 

I2,4^0C3  -  ^2,5^4-  0 37) (^12  ,524'^ 

A  \2.^5£4.  -  «c©'^ 


e,„  d»4obi«  *»  J 


0-// 


F.  ' 


5 — Tf 


..  egE  n„.g-gg-«o  LOUIS  BESGEI  t  ASSOCIATES  INC. 

CHKD.  BY _ _ DATE . _ - 

su8jECT.__.L5s.Lti.'i!;i5jSl- _ _ 


SHEET  NO - 5i _ OF.^?r— . 

pROjECT..i.'[.:;.l':!5' _ 


U4y-CO 


CuBV  246 


Q- 


c:;i  s  A-C  ‘^’2 


CC-i 


5  2  -  *  c<b? 
YL  a  -  045“ 


Slsv  222 
So 


Staoc 

Ace4N 

9 

A 

<o7,S 

2.42 

^•27 

N<0«9S' 

B 

5se 

as.s 

6\S 

3.®^ 

3^90 

6«d 

'.03.7 

8.SC» 

4.19 

7740 

\<^ 

V£..7<4 

4. €9 

\2344. 

V 

it 


I  ‘ 

yl  ^ 


TO  t-Z.  14  >.<£> 


X  NO 


VJo  ’.'e\CAK."T' 

S'TOTi.AtoE  •3'Wl< 

AU=  \3.2:  -7.47 
AU'2’  Co 


D-12 


SCALE  I’  24000 


lEzm 


Appendix  B 

InformaClon  as  Contained  In  the 
National  Inventory  of  Dams 


iwt'iTiry 


INVENTORY  OF  DAMS  IN  THE  UNITED  STATES 

Q—d)., _ : _ S _ _ 

mn  ,'23  NAME  .  •  i 


i  UTITUK  luWGITUOE  I  KnRTDME 
I  MRTM  INEST)  OAViMOlVR 


.INnOOO  PQN3  0AM 


reruURNAME 


RIVER  OR  STREAM 


MUMROHO  RIVER 


TyPEOROAH 


YEAR 

00MW.ETEC _ 

186S  0 


RURPOSa 


l« 


205. a  7136.0  17APR60 


HAMEORRMOUHOHeiT 


LIMmoOO  pond 


NEAREST  DOWNSTREAM 
Ciry-TOWN-VRXAGE 


ntT 

.AOWOMK  POfUlATlOH 

(Mil 


LINnOOO 


ar“~  RIPOUNOING  CAPACITCS _ _ 

"wr  O.n  PEO  R  p«v/PEO  SCS  a  ver/OAtE 


la  16 


300  neo  n 


2i«IMRl6AriON  POP  60LP  course 


SPILLWAY 


•«0  lu  lltA  I  3550  I  12200 


rOWEK  CATACITY 


NAVIGATION  LOCa 


OWNER 


uSIGnDn  COORORATIOm 


ENOMEBIMO  RY 


REGUUTORY  AGENCY 


CONSTRUCTION  f  Y 


6  BEANCmORO 


OPERATION 

MAINTENANCE 

none 

NONE 

Jts  NENCER  *  ASSOC  INC 


AUTHORITY  FOR  INSPECTION 


17APN60  Pt  a2»36T 


